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ABSTRACT \ . 

The chapters in this yearbqok describ 
experiences the individual authors have had in Baking 
multisensory aids in nfatheroatics instruction, A nuabe 
aids are noted to indicfei^e the range of possibilities 
chapters set the stage for the remainder of the book 
into the following sections: drawing and design;" deno 
exjiibits; lodels ai^d devices; instrunents and tools; 
construction of oodels and devices; and slides, films 
three-dimensional projection, and eguipment. Iii the a 
description of individual models and devices ife given 
areas. Hs) , , 
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EDITORS PRt:r\CE 

This is the eighteenth of the series of. Yearbooks started in 1920 
by The National Counc" of leathers of Mathenuuics, 'Ihe titles- 
Qf the preceding Yearbooks aie as follows; 

1. A Survey of Proj^rcss in the Past 1 wcnty-F(ve Years. 
* 2. Curricuhnn ProbkMiis in Teaching Mathciuaiics. . ' 

3. Sulectc^ Topics in ilie leaching of Ma. hematics. 

4. Significant Clihiigcs and IVends in the ^^Jaching of *\latheiuaiics 

Throughout the World Since 1910. 

5. The lYaching of Gennietry. . 

6. Mi»4lieniatic3 in Modern Life. 

7. 1 he Teaching of Algebra. 

8. ; The Teaching of M{nhenmtics in the Secondary School. 

9. Relational and Functional l^hinking in Alathematics. 

10. The 1 caching of An:hmetic, 

11. The Place of Mathematics in Modern Education. 

12. Approximate Computation. 

13. The Nature of Proof. 

M. I'he Training of Mathematics Teachers, 

15. The Place of Mathematics in Secondary Education. 

16. Arithmetic iii General Eduraiion, 

17. Source Hook of Mathematical Appliratioiis. 

.It is unfortunate that' this Yearbook is late in appearing, but 
cirojnistances over which we have had 'no control ma,de it impos- 
sible to get the Yearbook out on linic. We hope that the quality 
•^lof tlie material and the i\ature of the articles will make up for the 
''lateness in the appearance of the volume. 

Because of possible charges in price in these nnceriain times, 
all jM'ices of materials referred to in this book should be catefully 
verified before such materials arc ordered. 

We (It) not claim thauihis YcaHjook contains all the pos.sif)Ie 
teaching aids that may hiiw been su^ocsied, buL we hope that 
many teachers will find it the source of great help and inspiration. 

As Kditoi I wish to exi)rc.>s my personal appret iation to Pro- 
fessor Hildehinndt and his (onimiltee, who h;i\e done (he main 
work for this volume, and to The Xalional (:oun(il ol l eacheis 
of Mathematics ior their continued suppott and advice. 
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INTRODUCTION 



Teaching aids in mathematics are not new. The last hundred 
years have brought us the telephone, the phonograph, the radio, 
television, the silent and sound motion picture, the srereoscope, 
the three-dimensional colored pictures on lenticulated film and 
the Polaroid taree-dimensional pictures, and motion pictures in 
color. These inventions and developments are being used in many 
forms in oui schools at the present time. It is^ only natural that 
mathematics, teachers, too, conside;: the possible adaptation of 
, these- materials to the improvement of instruction in their field. 
. The eighteenth annual convention of the National Council of 
Teachers of Mathematics held in Chicago on February 19, 1937 
revealed a number of the uses to which mathematics teachers are 
putting these r'-cent developments. For example, its honorary 
president. Professor H. E. Slaught of the University of Chicago, 
could not be present at the dinner; but his greeting* to the mem- 
bers had been recorded and was reproduced over the loud-speake: 
system of the banquet room. Some day we may have more record- 
ings from others who have contributed so much to the teaching 
and. the development of mathematics. One of the groups at the 
discussion luncheon, under the leadership of Miss Mary A. Potter, 
prepared a list of materials on the topic 'The Kinds of Pictures 
We Use in Teaching Mathematics ' and this list was made avail- 
able later in mimeographed form. At this convention, recent silent 
and sound films closely related to mathematics were shown, ai d 
a large exhibit of ^Jiarts, graphs, models, and other materials pre- 
pared by teachers In the Chicago schools indicated further worth- 
while aids. It was apparent that mathematics teaching is being * 
carried on with various kinds of materials: that we learn by seeing 
and hearin^as well as by doing. 

The Visual Aids Committee of the National Council of 

'Slaught, H. E.. "Greetings to My Friends of tlic N;»tioiial Council." Malhematics 
Teacher, Vol. XXX, pp. 18G-187, April. 1937. 
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Teachers of Mathematics, under the chai<maftship of Professor 
E. R. Bieslich, was later appointed und this committee publicized 
further suggestions and improvements. As the field continued to 
grow, the suggestion was made that a report be *prepared on the 
work in multi-sensory aids carried on by mathematics teachers 
throughout the country. The Board of ijirectors of the National 
Council, at its annual convention in Atlantic City, N. J., in 1941, 
voted that the report be prepared as a Yearbook oi the Council. 

Tfie present report docs not claim to be an exhaustive study 
of all the aids which mathematics teachers have used and can use 
to good advantage. The individual articles describe some of the 
experiences which their authors have met and indicate as large 
a number of different aids as possible. It is hoped that the report 
w ill be followed in a few years by one showing improvements and 
changes which have kept pace with the progress of such aids ii). 
the world r.bout us. 

Many ot these articles are the results of papers and studies re- 
ported at conventions of the National Council held at Baton 
Rouge, Atlantic City, Boston, Bethlehem, San Francisco, and 
Denver. Discussions devoted to niUltl sensqry aids were held at 
mosr of the^e meetings; they have been the impetus for many new 
suggestions and experiment's. 

It is not possible to indicate all the members and friends of 
the National Council who have contributed materials, references, 
and suggestions, A list is given at the close of this Introduction. 
To them and others whose nameSjUiay have been omitted the Com-^ 
n ittee wishes lo express its deepest gratitude for the help given. 
It is most gratifying to note that when mathgnatics teachers pool 
their resources, much can be accomplished. If this Yeafbook were 
inscribed wuh a dedication, it would be to those teachers who 
liave done and are doing constructive work for the improvement 
of mathematics teacliing. 

It is fitting that w^e express ovir ap[)rcciation to one teacher in 
particular: N1ijs Mary A. Potter, preSdent of the National Council 
from 1940 to 1942, During her years in office. Miss Potter rendered 
many services to this Committee and arranged programs on multi- 
sensory aids at th*> several contentions of the Council. In addition 
to hov many duties and responsibilities asiprcsident, she gave un- 
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hesitatingly of her tinie, advice, and assistance to problems re- 
lating to the deveiopn\er.t of tliis Yearbook. 

We wish also to voice our thanks to every member of the Board 
•' of Directors, who, during the years of the .preparation of this 
. Yearbook, have recommended the preparation and publication of 
this report. To Professor W. D. Reeve, with the enviable record of. 
.seventeen yearbooks for the National Council to his credit, any 
. words of appreciation are inadequate for the interest, help, and 
cooperation he has so generously given. 

" E. H.C. H. 
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Mukri-SENSORY AIDS: SOME THEORY AND 
A FEW PRACTICES 

. ^ Edith Sifton 

Multi-sensory aids? A new ter^ What does it mean? New. yes, 
but the questions can be answered, very easily by recalling some 
of the educational history of the past few years. Remember those 
first projectors arid their glass slides, and how progressive some 
of us felt when we began to use them in our fclassrooms? Shortly, 
we brought movies to our students and began to talk to each 
other about the various kinds of. 'Visual a^ds/' Next, we added ear 
appeal, and ''talkies'* became, in our language, "audio-visual aids.*' 
Now, we find ourselves- -teachers^bf mathematics — stepping to the 
fore with an entire yearbook devoted to "multi-sensoi7 aids/' We 
are notihg that children learn through other avenues than their 
eyes and ears — for example, their hands! 

But, in tal'ing such a step, it seems that we have moved some- 
what ahead of the procession. Seafch as we will,' we cannot fin4. 
to date at least, the word "multi-sensory'^ listed in any of our 
numerous books dealing with the theories of education.. 

As teachers of mathematics, however, we should have no diffi 
culty in finding our way in this new field of educational though't, 
for it dovetails so neatly with today's theories in our own subject 
area. We know, in the first place, that of all the subjects taught by 
teachers and studied by children, mathematics is. by its very na- 
ture, one which gains greatly by the '.use of multiple and simul- 
taneous impacts upon the mind of the learner. We know, too, 
that for our pupils, learning must be something more than seeing 
and hearing; for them mathematics must be a means for doing 
things in the classroom as well as in a later, workaday world. 

Under such circumstances, wc need har(ily be surprised to find 
that many of today's teachers of mathematics have devised and 
used a g(X)dly number of muhi-sensory aids, even though educa- 
tional philosophers have neglected to develop any theory to guide 
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those teachers who are in the front lines. We have, in fact, hut to 
look about us to Imd incidents and examples that will give us 
data for evolving some theories of our own, and for listing some 
very effective practices, in this new field, * 

To b^gin. consider an incident that occurred recently at the 
University of Washington during a meeting of 5Qme of the mem- 
'bers of the Pacific Northwest Resourc,c,s WoiKshop. In the course 
of the informal discussion one of the group *;wondercd," aloud, 
just what any mathematics teacher would find useful in a study 
of resources. The staTf member in charge of the m^^thematics sec- 
ttonrof the Workshop met the challenge .promptly. Her first words 
were: ''Well, if students, arc going to^'mathematick'i they will 
have to be given something to 'mathematick' about/' 

If we grant mathematics should be taught as though the word 
yeve a tiiinsitive, active verb, we may have a clue to orte of the 
\iea.sons why we have found it rather difficult to devisV, or obtain, 
visual aids that completely satisfy us. Do not misunderstand— we^ 
need visUal aids. We cannot ignore tljem, nor discount the/ fact 
that the impression a .picture makes on the mind of a child is often 
\much more lasting and vivid than ojie made by words, printed or 
spoken* Visually, we can give our ^pupils understandings, mean- 
ings, and appreciations that would otherwise be iTnp)0S5ible, There 
are times, also, when pictures can do a very good job of explain- 
ing difficult point.s. Consider, for example, those .children who, 
with such seeming trust, ask us to "explain the theory of rela- 
tivity." We can satisfy such requests by showing them the film 
on Kinstein's throry. The idea is presented upon a level at which 
(hildien ferl at home, and they can see the picture several times, 
with increasing understanding each time. Again, we need not 
n\6\e than one showing of such films as "The Vernier" and "The 
Micr(mieicr'* to find ground for the belief that the present crisis 
in training industrial workers will, in the end, bring us other 
good filniJi' in the field of mathematics. 

On the whole, it certainly i^ not without reason that the ex- 
f)ression "I sec" so often means "I undeistand/M'herc must also 
be veiy real reasons why a, child instinrtivelv wants to touch 
evet\fhin;4 he sees; why he wants to leain actively rather than 
passively; why he takes his toys apart to see wliat makes them go; 
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why, iiv high school, his hands fairly itch to get hold of^a transit, 
while a picture of one arouses only casual interest. 
PossiWy just a little theorizing is in order in connection with 
* the responses of teachers and parenis to^this youthful instinct 
to learn by handling, manipulating, and **doing/' Looking about 
ir^ . fi^ US we tind, apparently, at least three schools of tiiought in the 
field. We niiglu agree with the first up to a certain point— that 
a child may need to have his hajids slapped until he gets over 
that impalse -to null the coffee-maker over onto himself* If this 
technique wtle repeated too often, however, there jivould be some 
chance of slapping curiosity rigjft out of the child's mental make- 
up. "iYMrhcrs, at least, have foiind intellectual curi4sity too valu- 
' ah^e an incentive to learnitig to \Vant it eliminated, or even so 
' much as Uulleci. 

Our second school of thought seems to beUeve that whatever 
attracts the child's eyes, and therefdc his hands, should be placed 
upon the highest shelves, or be kept out of sight entirely, back of 
closed doors, llie-bric-a-brac is too^ valuable to be entrusted to the 
mercies of awkward fingers. There may be a possibility that maihc- 
Muatics teachers feel that their particular set of bric-a-brac is too 
) complicated for unskilled hands. Followed consistently, this sec- 

ond method of dealing with a child's attempts to explore his 
world nii^ht conceivably lead to a fairly typical case of intellectual 
'malnutrition. 

Scrutini/injT the third school of thought, we find people v;ho 
see \n it that children have supervised, not to say planned, oppor- 
tunities to handle anything from which they can learn, if they 
but show interest in it. Some eveii go to the length of stimulating 
curiosity aird iiuerest in seeing, handling, and manipulating ob- 
jects, (x-itain itenvs among our mathematical bric-a-brac may have 
to he simplified a bit, l)ut many of thenv can be given to our chil- 
dren to handle and *'work,-' with benefit to all concerned. 

By the wav, there is more hack of the attitude of this last group 
than a laudable desire to see children learning happily. Put sonu?- 
thinu; coiu lete into the hands of a child, something that will en- 
able hini to (M)ter actively into the learning situation, and audi- 
tory, visual, oral, tactual, and muscular sensations unite in a drive 
^.^that has real powrr in forming new thought patterns. 
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All this theorizing has its place, no donbt, but in the end, put- 
ting theory into active practice is the only way to bring in divi- 
dends. If we turn to the Vvork oj some of the niathei]iatics teachers 
belonging to that third school of thought, w6 can see how the? do_^ 
it, and get, as well, a glimpse of the 'value of the dividends. From 
each of them 've can take away ideas that can be applied to our 
own work, no matter what its level— in the end many ni9re ideas 
than could be gathered from whole volumes of expositions on 
theory. So let us visit a few of those teachers wlio have been mak- 
ing the word "mathematics" a transitive, active, verb for their 

students. '' " ^ 

As you begin these classroom visits imagine that you are a'p^gij^ ■ 
in the second grade. The arithtneiic course of study for this grade 
declares that you should be taught to tell time by hoiirs an4 to 
five-niinutc subdivisions. You. might be shown the clock, on the 
wall, and have carefully explained to you just how you are to 
read the time. Your teacher might also use that cardboard clock 
dial, setting the hands to slow the time for recess or for lunch. 
•She may even ask you to scH it for tiie time to come, to school, or 
the lime to go to bed. But suppose your teacher also lets you make 
a clock dial of your own, with movable hands; and not only has 
you set itv for the hours and minutes you must learn, but lets yon 
set it just for fun, whenever you have finished your work ahead of 
the rc5t of tlie clas^ Suppose she is always willing to pause for a 
second or two m answer such a qucstio;! as, "Docs my clock say 
quarter past three?" Which methcd would you, a seven-year-old, 
choose? 

And next, suppose you have moved on to the third grade and 
are in the midst of your first hand-to-hand struggle with re- 
maituleis in division. Von are dividing 11 by 3. Nl'iss Smith could 
go over the woik carefully at the board, could make matters 
(piiie clear to you with assorted , additions, subtr.Ti tions, examples, 
and problem^. She might also make a row of eleven marks "on the 
hoard, cross them off three at a time, and piove to you that there 
is a remainder of two. lint suppose lliat.Jnstead, she tells you to 
"^e some of the small log-cabin blocks", some of the seeds left 
from the Hallowe'en pumpkin, or some of those little clay balls 
you are using for strawberries in the play-store. She asks you to 
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show her how many threes can be made with eleven of them. 
You try them in little rows, like soldiers on parade; you put them 
in little clover-leaf groups; 'each time you have two left over. 
' Wotildn't^you prefp* to acquire division facts with your hands 
aiid eyes, as well as with your head? ^Vouldn^t you understand 
them better, and remember them longer? 

You will find that' elementary, intermediate, and upper grade 
teachers are also giving their pupils understanding of the various 
phases of mathematirs by l^ppealing to the mind through the 
hands as well as through the eyes and ears. In a fifth grade class- 
room we find a group of children deeply engrossed in using an 
abacus. They are adding numbers so accurately and rapidly that 
we have difliculty in following the process. Units, tens, hundreds, 
thousands have new and concrete meanings for these boys and 
girls. Across^the hall in the seventh grade arithmetic class some 
boys are increasing their understanding of the tens systein by 
putting the machinery of a dismantled light, meter into action. 
As we look over the shoulders of some other pupils jn the sixth 
grade, we find tliem operating an old speedometer, setting it for 
some original problems in decimals. 

Going on to the case of fractions, we find that a six-year-old 
needs fto more formal instruction in the meaning of one-half than 
to have his teacher say to him, as he divides that apple for the 
birthday party, ''If the apple isn't cut in halj, we always give our 
visitor the larger part." If, a few years later in his career, the child 
.forgets that 3/6 is the ecjuivalent of 1/2, or that 2 /0 ccjuals 1/3. 
he will be handed those brightly .colored paper plates ciu into 
halves, quarters, thirds, sixtlis, and eighths. As he fits the red 
. plate, cut into sixths, into the yellow one, divided imo halves, or 
into the green one with its thirds, active hands as well as active 
mind will help him learn the 'Messon.*' 

In the ninth grade general niatheinii^tics class, ho.ys and girls 
are reviewing decimal fractions. The instructor is discussing pre- 
cision measurements. That enlarged picture of a niicronieter cal- 
iper on the bulletin board is interesting to the class and. with 
some explanation, moderately comprehensible. The pu[)ils pay 
closer attention, however, when the teacher uses an actual mi- 
• crometer'and measures the thickness of a dollar bill right before 
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their eyes. But the whole thing begins to **click'' with them when 
he gives them each a turn at the instrument, and hands them a\ 
leaf-feeler gage as well. They fmger^ancj measure these pieces of^' 
metalv They turn the thimble to discover, if they can, any visible^ 
change in the opening as' thc spindle moves through five orfe-^ 
thousandths of an inch. Playing? Possibly. But gaining also some ''\ 
ap'preciationisi)f the kind of measurements made by whole armies 
of today's workmen and, in addition, at least an inkling of the 
meaning of approximation. 

When it comes to acquiring some feeling for the **size** of large 
numbers, one must have more than a good im,igination or a 
chance to gaze at a star-sprinkled sky. Here again teachers with 
ingenuity have brought the hands of their children to bear upon 
the task. 

Take the case of the fifth grade that was learning to read and 
write numbers in the millions. Had any of them ever seen a mil- 
lion of anything? One boy offered the suggestion that there were 
millions of tiny pebbles in that fine gravel that covered the play- 
ground. How much would it take to make a million pebbles? The 
children thought a gallon— and could they count it and see?' They 
compromised by counting a pint to start with. Each counted his 
share of the pint, and the amounts were added. The class de^^ 
cided it would really be better to finish by calculation; so they 
multiplied to find the number of pebbles in a gallon. Finally, by 
rounding off and dividing, they learned that they would have * 
had to bring 12v5 gallons of gravel into the classroom in order to 
have one milliori pebbles. 

Again, a seventh grade, trying to compare government finances 
with their own, devised a way of getting an idea of the size of a 
billion dollars. Using some small kindergarten blocks in lieu of 
doll.irs. they took turns'at counting the blocks for one minute at 
a time. The average number counted per minute was determined, 
and then, by dividing, the class found it would take the average 
pupil almost seventy five years to count a billion dollars. To those 
hoys and girls a billion now means more than a cen.ain nuinj^er 
of zeros trailfrlg after the digit 1. ^ 

In teaching the various topics and units in measurement en- 
countered recurrently in the course of study, many teachers bring 
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the tables concerning pinos and-jquarts, square feet and square 
yards right 'out of the t^lKooW and itito the children's own 
world. In the second grade\«L>ee small boys and girls discover- 
ing for themselves sonie of the facts about liquid measure by 
pouring water into a large assortment of quart, pint, and half- 
pint containers they have found in their homes. A little later in 
the*year the teacher takes advantage of a hot day to increase their 
knowledge of measurement to a fraction of an inch by allowing 
each child to measure and fold a paper drinking cup of his own. 
Just before Christmas, a fifth grade arithmetic teacher and an art 
teacher collaborate in liaving the children make gift boxes. In 
the arithmetic class, drawing the plans calls for estimation, meas- 
urement, addition and subtraction of fractions. 

There are pupils in the seventh grade who persist, in spite of^. 
teacher demonstration and exhortation, in working their area 
problems on the basis of twelve square inches to the square foot. 
However, after drawing a square foot on wrapping paper, cutting 
a square inch out of cr\idboard, and filling that lari2;ev square with 
smaJ4er ones by tracing around the cardboard, the children know 
. just why they must use 144, and not 12. in their problems. 

On making their first bow to areas, the children in one fifth 
giadc are allowed to draw a scjuare yard upon the floor, and to 
divide it into square feet. Ijlenewed from. day to day, walked over, 
as well as looked at, "squat e yard" becomes more than just an- 
other abstract word. In fact, the children can almost feel, as well 
as pee, square yards in Mother's new linoleum and in the garden 
pj/)ts they are planning for their science project. 

If the measurement we reach is^to 1)e practical, rliildren must 
be able to estimate size and measure objects at least as effectively 
as they work book problems listed under the topic. As one case 
in point, consider another class in the fifth grade. I he (jtiestion 
of^the si/.c of Captain Vancouver's boat came up in the course 
of a discussicm. One pupil thought it must have been as long as 
the .school grounds; another that it could have been put intolhc 
hall. There was nothing^t(; do l)ut to measure hall and phivground. 
The second pupil won the argument, l)Ut. with little more than 
a hint from the teacher, the chi.ss was off on a project of estima- 
tion and measurement that took in numerous and rather asttnii.sh- 
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'ing items which the c hiklien found interesting. Induded' were 
tlic si/e of the "Saratoga," heights of school desks, lengths of the 
curtails at home, the distance to the University bridge, the length 
of each Child's stride, the number of strides in a quarter mile. 
Need on€ add that the tables of measurement customarily pre- 
sented at this level were also involved in the many problems posed 
by students as well as by the textbook? Or that there were oppor- 
tunities also for some telling demonstrations of the advisability 
of using good judgment by suiting the size of a unit to the size of 
the quantity to be measured? 

Moving farther along our educational assembly line, we find 
that multi-sensory methods render equally effective assistance in 
overcoming some of the difTicultics of high school- pupils and their 
teacj^ers. A plane geoHictry class is learning the theorems' .dealing 
^•ith the measureiTjent of angles in a cirfcle — hardly active mathe- 
matics. Su})pose,<ho>^*ever. the students use homemade sextants— 
perhaps^f theiV own manufactnrc----and try their hands U the 

. business of shootlli\g the sun and determining the latitude of their 
city. They may not, as a result, be able to navigate the Pacific, but 
for them the measurement of central angles comes ro life. A<;ain. 
steel tape, shadows, and mirrors can be used to create problems 
that not even a sophomore can consider academic. Give a boy a 
ruler and a calling card and he can construct a small model; of 
a cro.ss-siaif tluit enables him to make and solve some problems 
of his own in jDioportichi, and that hitroduces him to the principle 
of the in.stnnnent with whidi. as a yonni; na\y ofliccr. he may ' 
soinr (lav kcc{> liis "baiilewagon" iti formation. A larg"t?r piece of 
(aidhoard. a stiinu:. and .some sort of plumb hob can be turned 
into an "altinu'ter" that, liavin^ been used to measure inaccessible 
di.siarices. leads to an inrellij>ent use of the tangent ratio. More 
( ardhoai d. ( ut int(; sliips, ran be made into reasonably w()rkal)le 
paiitograpiis, into instiuments for trisecting certain angles, 6v into 
parallel rulcis. Uiass paper fastencis will do for joints. 

^ 1 he units on \on are often made the most abstiact and the 
most disliked in plane i^eometry. Some of the more analytical 
minds of a class will find pleasure in using compass and ruler to 
discover foi tlienisclv cs new l(j<i. siuli as conic sectioij^. Hut for 
students who are a nioie (oncu'te and {)ratiical turn, using a 
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couple of stuclcnt-niade models of the Osborne firc-findcr, some 
maps furnished by the supervisor of the near-by national fores: 
reserve, and locating, thereby, some hypothetical forest fires will 
give a lift that makes lighter work of the whole topic. One such 
experience, and boys and girls will observe and report many of 
the iimunierable applications of loci to be found all about them. 

Cioing on to solid geometry, the fact that volumes of similar' 
solids vary as the cube of corresponding dimensions is merely 
book learning to most boys and girls. Bring out, however, two tea 
boxes, approximately cubes, without disclosing the fact that they 
formerly held a half-poUnd and a pound, respectively. Let the 
students first estimate the ratio of the volumes, and then measure 
the diineliisiotis and determine the ratio by calculation. .The 
asionislunent on the faces about the classroom is evidence enough 
(hat. some active thiriking is being done. 

It took two classes in solid geometpy to make one teacher real- 
ize the eflectiveness of Icttin*^ .Students use th?ir own hands. Some 
t)f the students of the first class were having the usual difficulty in 
visuali/inj^ the solids generated by rotatihg plane figures. One of 
file boys watched die instructor wliirl some cardboard forms and 
noted, evidently, the indifference of the results. A few days later 
he came to class ^vith a set of triangles and rectangles that he had 
matle by bending wire. He had made each with a sort of stem, 
and had also made a stand from one of his*mother's shortening 
tans by punching holes in the top and bottomM\yinding the stems 
with stiinc^. and inserting the stems in the nolcs^in the stand, he 
whirled the figures like tops, and so formed ghostly solids. The 
Mu c eeding semester that set of figures was put on a table a few 
(lays l)efi>4e the rotation problems were to come up. Students of 
this second class played uith the figures before and after class 
sessions. N^iih what seemed tc. be almost idle pleasure. When it 
(ame U) assigning the problem', in this class, however, there was no 
(lenioiistr;>mig for the teacher to do — the students' visualizations 
were all nicely taken ca^e pf! 

Suth insiantc'S aVe all very well, you may say, but after all. 
nMtheniaii(S means solving problems. Agi'eed! And. one might 
add. it is one thing to solve even the most practical of problems 
that lia\e been nicelv (oi railed in a textbook, and (juite another 
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to discover some for youiself, rigiu on the open range, in work or 
in play, in home or in community. 

Here again, teachers in every grade can show us just how well 
children will respond to discovering and solving original prob- 
leins. One second grade wrote a whole series of problems centered 
about the aquarium they were setting up. How much would it 
tost to buy the fish, the* food, and the plants? How much more 
sand would tliey h^ive to put in if it was to be two inches deep? 
I low many quarts of water would they have to pour in if one gal- 
lon was needed for each inch of fish? Further details are hardly 
needed to show that such a project can involve a number of multi- 
sensory appeals and several learnings, along with the mechanics 
of addition and subtraction. 

Of course such programs for developing original ^problems be- 
come more complicated in later work; but consider one example 
from the sixth grade. In the textbook, there was i unit in wliich 
the problems were b;ised on transportation figures. First the class* 
made sonic original additions to that list, based upon similar faas 
observed on suiiuner trips. But before long their study led thqm 
rii;ht out of the texthookyand transportation, and into a discussion 
of the post ofliee. Interest was so keen that the teacher arranged 
for a conduc ted tour of the terminal station, with each pupil re- 
sponsible for brin.i2;inff back at least one interesting number fact. 
Back in dass. the number facts were compiled into a single list, 
and front it the children wrote an entirely original set of prob- 
lems/one problem, for instance, called for finding the cost of 
sending a rake by air mail to a brother in camp; another, for the 
numl)er of leiieis passing; ihrou,t^h the canceling machines in a 
(lav; a third, for the average number of people served by each 
local (anirr. In the eiui. the pupils' own set of problems was 
lorif^er tliaii .mv whidi a textbook would have provided. Further- 
more, ther(^ (ouhl h.irdly have been a better way of learning to 
solve proI)lenr» than bv discovering, analyzing, and then formu- 
latiiiij some for tluMiiselvcs. 

One inif^lit .i^o on indefiniiely with examples of the ways in 
uliidi various tear hcrs are coordinating children's eyes, ears, and 
hands, in i^ivinq; them opportunities to learn how to **niathe- 
matick." ILi\ ing on((* seen the res}>onse that children of all ages 




ERIC 



Multi-Sensory Aids ^ 15 

make to such methods, most of us could never^again plead lack 
of class time as a reason for not using tliern. One may have to ad- 
mit that planning nuilti-sensory activities takes ingenufty and a 
dash of imagination besides; tliat discovering openings for such 
planning takes sensitiveness to the signs of da.wning child interest, 

■-^and, above all, an apjireciation ot the pervasiveness of mathe- 
matics. Rut handling such projects in class consumes, generally, 

' not more than ten or fifteen per cent of the mathematics period. 
During that tintc, teachers not only develop some real understand- 
ings and appreciations, but- build up, as well, a '*head of steam'' 
that carries pupils through whole days of purposeful work on 
exercises and j)roblems. 



A MATHEMATICS CLASSROOM BECOMES 
A LABORATORY 

^ L. Grace Carroll 

A CENTURY AGO such philosophcrs as Huxley, Spencer, and Rous- 
seau felt and preached the need for functional education. As a 
result, they succeeded in introducing science and the scientific 
method into secondary education; 'the concepts of learnin^by 
doing and experimenting were concomitants. Curriculum ofFet- 
ings introduced since their tiipe have, like science, been taught in 
laboratories and workshops by means of the laboratory method 

But there have been various reasons why mjjthematics teaching . 
has adhered in most respects to the old method of question and 
answer: tradition, the regime of conservatism, lack of appreciation 
and understanding on the part of teachers, lack of realization of 
the needs for and the opportunities offered by a laboratory set-up, 
indifference, poor organization, unwijlingness to try anything 
new, possible difficulties in administration, expense, and lack of 
ingenuity. ? 

Multi-sensory aids are. not new. They were introduced andnr^c- 
ommended by Rousseau. Later the philosophy of learning by 
doing was popirtarized in rfie elementary school by John Dewey 
and his followers in the activity program. Today every elementary 
school teachcK who considers herself even pseudo-progressive aims 
to make her classroom a laboratory. Consequently, the modern 
elementary scliool classroom is a workshop in which children do 
things and grow in the process. 

But, in the high school, classical subjects which antedate Hux- 
ley, Spencer, Rousseau, and the activity f)rogram are all too com- 
monly taught by the medieval methods of lecture, questiort, and 
answer. Kxccpt, perhaps, for the differences in dress and attitude 
of the students, a casual visitor might be unable to tell the differ- 
ence between many 1944 classrooms in mathematics and their 
prototypes of the Middle Ages. 

16 
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TUe first requirement for a mathematics laboratory is the will 
to start. The chief need is the initi^ effort to organize available 
materials, thus providing opportunity to work with these mjate^ 
rials: and to discover mathematical laws and concepts irf an ob- 
jective way. With some help and direction from the teacher, con- 
siderable equipment will accumulate as the work proceeds. This 
pupH-inspired material is often more valuable than commercial^ 
"^equipment. It tends to stimulate interest, to create desiraWP* at- 
titudes, and to furnish the thrill that comes from accomplishment. 

This section of the Yjparbook uses the New Rochelle Public 
Schools as an illustration of work being done in a modest effort 
tq improve present practices in the/teaching of secondary school 
mathematics. -It docs not attempt to describe an ideal situation, 
first, because we do not claim to have^an ide^^ituation,'and sec- 
ond, because there is no end to progress. Everynend is but a begin- 
ning and "under every deep a lower deep*opens." 

The present program had its beginnings in discussions among 
groups of mathemntics teachers, some of whom felt that improve- 
ments were needed in mathematics, both in subject matter and in 
method. The Superintendent thereupon appointed a committee 
to study the status of mathematics in New Rochelle and to make 
recommendations for change, if change were needed. Committee 
members were released from regular classroom duties to carry 
through this study. They observed classes, interviewed teachers, 
conferred with students, and summarized their findings. Their 
report included detailed information on present practices and a 
summary of suggestions for improving them. 

Through the exchange of ideas and through the combined ef- 
forts of administration and committee. New Rochelle has effected 
many constructive develo])nients. One of these was an* effort to im- 
prove the tca( hint^ of mathematics through the use of visual aids, 
A mathctnatirs exhibit to which both elementary and scrondary 
schools contribuied was dis{)laycd in the museum at the Adminis- 
tration Building. It included, among, other thini^s. old mathe- 
matics textbooks anrl oiher hooks of historical \alue; niathc 
matical instruments, both commercial and pupil-made; an antique 
quilt of "mariner^s i.om{)ass'* pattern; lantern slides; stereographs; 
niui strips, niotion^picture films; solid geometry models made of 
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cardboard, cellophane, and wood; charts; drawings; photojp-aphs 
of pupils' activities; and other articles of mathematical interest. 

Subsequently two matheiM^tics laboratories were started experi- 
mentally. As the laboratories began to 'develoj), questions \v^ere 
raised by teaclicrs and pupils. Among them were such questions 
as these: 

What iS a n^thcmatics laboratory? How will a mathematics 
hiboratory differ from any other classroom? 

dim more than one teacher use the same mathematics labora- 
tory? , ' * • 

Will a classroom laboratory contribute to a program of di- 
rected study? 

Can mathematics be taught as a laboratory subject in the same 
way as the arts and other sciences? 

What extra- expense will be involved in developing a^labora- 
toiy?- 

What equipment will be ne<^cd? 

Why are our old methods uj>^Slfactory? Weliave no fault to 
find with. the status quo. 

This aiiicle will describe how some of these questions were 
answered in our own situation. 

What is a viallieynatics laborator'\? It is a place for learning 
by doing. Any hiboratory is a workshop. One concept of a mathe- 
matics laboratory is an cnviroinnent in which a pupil. learns ef- 
ficiently and more nieaningrully the mailuTiiatics he should learn 
anyway. The leachinj^ is infonnirJ and individual, witli all pos- 
sible o})poi I unities offered to discover or rediscover mathemati- 
cal truths and laws. \'isual aids areVusc^d in making the work as 
objective as the problems recjuire and the facilities permit. Just 
how this can he done will varv, but a few illustrations of ways 
in which we ha\e done it are <;i\en in this aiticle. 

How xvill a mailunnafics lahorafory differ jrom ./?/v other class- 
morn? The answer to this (piestion is found in p.n l in any clas.s- 
rooni used by a progressive teacher. Kcpiipmcnt (or its lack) is 
not the only distinguishing factor. I'herc is an informal type of 
tc\'uhing and .i iyj)e of directed study, both of which vitalize the 
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teaching of inatlicniatics, These help to make the room a workshop 
instead of- a lecture room. There is more **If . • • Then*' discus- 
sion, followed by discovery and increased development of power 
discovery. An extended list of materials^ and equipment sug- 
gested for inclusion in a laboratory is given on pages 26-29. 

Can more than one teacher use the same mathematics labora- 
tory? This is possible and in some cases it may be very desirable. 
But, in general, a teacher prefers to convert -her own classroom 

— imo a- bboralory; However, she usually is willing to share mate- 
riaUand ideas with oiher teachers who are actively interested. 

Can mathematicsbe taught as a' laboratory subject in the same 
way as the arts anclf other sciences? Vevhaps the answer is best ex- 
pressed by saying i]^at no .t;s'o laboratory subjects are taught in 
exactly the. same way. Here is an illustration of a topic taught in 
a very informal way: 

The topic was "Straiglit-line Graphs," Thermometers and care- 
fully constructed diagrams of thermometers wert studied; the way" 
the readings changed together was expressed in words and by 
means of tlie formula. This same relationship was expressed by 
means of a table. The students Itarned to interpret a gpaph in- 

- volving signed numbers, and then expressed by ineans of a graph 
the way degrees centigrade and degrees Fahrenheit change to- 
gether. They made the first graphs by locating points.. From a 
study of their work and observation of the formula, they discov- 
ered the meanings of slope and intercept. Witli most of tlie grapli 
work that followed, they preferred to use tlie .slope-intercept 
method. 

This is a procedure any cUss could use. Theie had been so 
niuch group interest and careful work tliat the teaclu r thought— 
aloud — that it would be helpful if future classes could see pic- 
ixuys of this class at work and could know liow tliis class made its 
discoveries. She liad made the comment hoping tliat it would re- 
sult in a meaningful activity. Slie was not disappoimed. One pupil 
interested in pliotograjjhy as well as in mathematics suggested tliat 
lie take j)icturcsof the class at work. The result was approximately 
sixty 2x2 lantern slides showing the development of Imw ninn- 
hers change together and the class as they worked discoveiing 
fum tional relationships. The slides sliowed the initial steps in • 
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making a graph and die piOLCb^^es required in • reasoning and 
drawing the graph by the slope-intercept method. 

Because of the picture-taking, the early stages o£ the stildy were 
repeated, but with more meaning and added interest. The stu- 
dents were proud of their accomplishment. .They were thrilled 
when the pictures of the class and their discoveries were shown 
on the scrceiu In addition to the lantern slides, there was a written 
account of the project illustrated by pictures mounted and used 
.for a bulletin board exhibit. 

The aim had been acliieved. U\c pupils understood the mean- 
ing of how numbers change togetlier and could express this func- 
tional relationship' in a manner that suited their convenience. • 

Thus thi^se students carried through the experiment. As the 
project progressed, members of the class who were not working 
on the experiment at a given time were busy developing other 
projects along lines of tl;eir own interests. However, as occasion 
arose, they made contributions to the project in hand and so al- 
ways had discoveries to challenge their interest. 

This experiment also helped in furthering experiments with 
centigrade thermometers which were being carried on as part of 
the science work of tliis group of students. 

Another experiment was finding the meaning of the formula 
y ~ hvh. A student having some difliculty with the problem was 
willing (in fact, eager) to construct a rectangular solid and show 
by the construction of cubic units and the placing of these units 
how and why the number of cubic unii.s in the rectangular solid 
is ecpiivalent to Ixvh. The rectangular solid and the cubic units 
were made fnmi heavy cellophane and put together witli Scotch 
tape. The boy had been advised to make one of the little units 
of measure, but he iiisisicd on making the number required to fill 
the rectangular Sf)lirl. Mmli disiiirbed when ihese units did not 
fit exactly, he warned to repeat his experiment. Hiis proved an 
opportuiie time to siudv error and sources of error, l^he discias- 
sion and conchisions led to an appreciation of precision in meas- 
urements and a desiie for accuracy. Not only did this class find 
tlic models helpfuK but the project was used subsecjuently ' in 
other classes to develop the concept of volume and i() make mean- 
in}^ful the fornmla for tindini^ ilu* volume. 
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At tU€-|K|jrne timcnhts Vtudent ckrided he was goini? to take 
all the mathematics he could get (he had not liked mathematics 
before). His decision is an iUustiation of what happens to those 
minds that learn by concrete doing rather than by abstract think- 
ing. 

What extra expense will be ijivolved in 'develoliing a labora- 
tory? The expense of a laboratory will depend on a number of 
things. The students and teacher can provide much of the neces- 
sary equipment. The expense need not be great. On the other 
hand, there is much that can be done if money is available. 

What equipment is needed? Ample blackboard space is im- 
perative. For graph work one section of the blackboard should be 
ruled and outlined in pale green or yellow paint, with heavier 
lines defining every fifth or tenth space. If blackboard space is 
limited, a substitute is heavy white cardboard, ruled with ink 
and then covered with a film of Pvotec tophane. If cardboard is 
the backgrouiid» wax crayon is used instead of chalk. It can be 
rubbed off with tissue or a piece of cloth. I'he squared cardboard 
can be hunir in a convenient spot or rested on the chalk tray. 
When not in use. it ran occupy any cf)nvenicnt place biit it should 
always be accessible. 

If the teacher prefers fixed desks and chairs, they should be 
placed to one side f)f the mom and space left free for group work, 
conferences, and pupil discussion. 

Textbooks other than the rei^nilar chibs textbook should also 
be available in the laboratory library, since the point of view and 
methods of different authors should be given consideration. In 
additif)n, various reference books, magazines, and other books 
of cultural and historical value should be found in the library. 
This library should be a regular part of the laboratf^y ecpiip- 
rnent. It inav be supplenu'tued by temjiorary loans from the school 
or public library. 

As materials accuinulaie. it is mnt-ssary to add bulletin boards. 
!Hi(>kc:»5^s. exhibit shelves, and Miwj; cabinets so that the materials 
may.be used enTicientiy ami sav^rl for future refetence. This ecjuip- 
ment need not be expensive. In' many schools it can be tnade in 
the school shops or bv interested iiuiividiial stiulerus or teachers. 
Often there aic in storerooms or vacant classiooins unused cases 
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that have long been forgotten and can be. used to gpod advantage 

here. I 

Space is needed in the laboratory for the exhibition of posttrs, 
clippings, classroom work, etc. .A section" of wall covered \^ith 
beaver board is excellent for the purpose. A strip of such materi^ 
above the blackboard is also a help, as is a sWing-wing display 
board. 

The following are illustrations of various types of exhibits: 

Mathematics and design. A very interesting exhibit appeared 
early in the year as the tenth' grade pupils were beginning work 
in constructions. These were changed from time to time, and in 
the last appearance consisted of a group of the best designs care- 
fully mounted on colored construction paper. 

Mathematics and bridges. This material suggests a number of 
concepts, formulas, and laws of mathematics. It leads to discus- 
sions of rigid figures, the catenary, etc. 

Mathematics and churches. The solid geometry classes were 
interested in the shape of the steeples pf various churches. At first 
this^ included the churches of New Rochelle and later other 
churches of special interest in our own country and abroad. Then 
other factors in the architecture and the mathematics involved 
were noted and utilized in the regular classwork. 

Mathematics and defense. This appeared in two separate ex- 
hibits. While the upper classmen were working after school hours 
on an exhibit for Mathematics and Defense, an eighth grade pupil 
became interested not only in the materials but in the mounting 
of clippings and the way in which they could be mbuntcd. Some 
time before the upper classmen had completed their work, this 
boy appeared with a folder filled with carefully prepared clip- 
pings and descriptive material. The clippings were concerned with 
aluminum, petroleum, tin. nitrate, gold, silver, precious stones, 
silver, etc. These were some of his treasures, saved from his work 
in the seventh grade. Since all of this had to do with defense, .some-, 
one a.skcd if he would like to have an exhibit of his own. He was 
delighted with the suggestion. The exhibit was soon in place and 
he saw to it that it was a pleasing one. It remained for two weeks 
as our first defen.se exhibit. Its owner was surprised to discover 
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that mathematics had to do uiih these tangible things, but pleased 
when he found illustrations of mathematics which he could recog 
nize in the tnining. transportation, and utilizatioh:of these valu- 
able materials. 

The materials for the second exhibit on Mathematics and De- 
fense were largely made up of pictures from magazines, brought 
in by many students. Committees worked in mounting and or- 
ganizing the materials. In one case it was divided into three 
groups: Land, Sea, and Air. Later, the exhibit was remodeled and 
soon it became the new exhibit on war. 

Mathematics and maps. FAen before the exhibit on war had 
been completed, someone suggested Mathematics and Maps, A 
sheet of paper was posted in a convenient place, and students 
. listed the mathematics they discovered in making atid using maps. 
Discoveries are necessarily always limited by the students' knowl- 
edge, but their discoveries help others, give them a certain satis- 
faction in telling how they made their discoveries, and create in- 
terest not only in the specific subject matter but in its utilitarian 
and cultural values. 

One pupil did some research in the making and reading of 
maps. This provided an opportunity to teach map-makinu. While 
there is not always time to follow up all the leads at the time the 
problem is presented, a challenge is offered that may function in 
later group or individual discoveries. 

Mathematics in the army and 7i(wy\ I his subject, as well as 
Mathematics and Aviation, has been of sjjecial interest. Posteis 
showing the importance of niathnnatits to the armed services were 
acconij^dnied by pictures of soldiers, .sailors, and axiatoi.s niakiu^^ 
maps, reading maps, and surveying. I hese were used in discus- 
sions on "how to study,** need for critical thinking, mathematics 
and reasoning, value of "If . . . Then" t)j)( of j)r()cedure in our 
study of mathematics, etc. ^ 

Great men of mnlhtnnafK s. This topic adds inieicst to the his- 
lory (jf mathematics. In addition to a general exhibit, the pictinc 
of a great mathematician coinierted with the work to be studied 
at the time gives realism to the topic. If the picture can be kept 
in view during the studv of the related work and applications, 
the work t elates itselt to the i;rcat men of mathematics and the 
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lifue in uhith they lived. If, before teaching the Pythagore^ 
theorem, a piciin'e of Pythagoras and a short biography are placed 
..where they uiW be seen, and reference is made to them at th^ time 
the Pythagorean theorem is studied, there is aroused a feeling of 
acquaintance with Pythagoras and witlfthe subject matter. 

Several sttulents were interested in history and in the travels 
of Pythagoras, One drew a map showing where Pythagoras had 
visited. Another handed in ;( poeni,.^One wrote a play based 
on the legend of "The Seven Lamps of Capella Pittagora," in 
David Eiigene Smith's Poetry of MathernaUcs; this was a result of 
a bit of research done by the class. One group was particularly 
interested in the Pythagorean theorem and the mathematics neces- 
sary to prov(^ this theorem. An illustrated story of the project was 
the contribution of another student; it included a list of all the- 
orems, constructions, postulates, axioms, and definitions required 
to prove the theorem, A class in tenth grade mathematics worked 
on this project while studying the Law of Pythagoras. Oihet* mem- 
bers of the class made interesting contributions to the study. 
Tliese form but one illustration of the interesting possibilities 
of the contributions that students can make and the pleasure they 
can deii\e from this iy})e of laboratory work, 

Anotlier illustration is Archin)edes, whose biography and pic- 
ture are pertinent preceding and during the teaching of ratio and 
proportion, "Lhis furnishes another excellent opportunity for re- 
lating scienc e and mathematics. The sfudents of this group were 
very nuicfi interested in discovering how Archimedes determined 
that Hi(!ro's crown was one hundred per cent pure gold. 

I he same method may be used in teaching such topics as simi- 
larity. Posteis illusrratin;^ siniihivity, mounted on the swing-wing 
display lK;aicl or any convenient bulleti*" board, do tnuch to create 
an interest ni siinilaiity if the) aie in a place convenient for refer- 
ence at tJie psy(hol(,)gical moment when tlie subject is introduced. 
One proof of interest is the new maieiial and posters voluntarily 
bioiight in by, students. 

A fuithei: illustration is the use of posters preceding the work 
on 1()( us. In one cas(* \hc class had access to a picture of a group 
of pirates plaiumig a niaj) of the hidden treasure* This picture 
was taken by one nf the students, who had previously built the 
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' scene on a table. He had used a piece of tin to represent water;, 
the hilh and land were made of sand; trees were bits of evergreen 
stuck in the sand. The pirates were tiny lead figures. The picture 
illustrated tlu? story of an original locus problem. 

One group was interested in the pantograph, and two boys 
dccided to make one. Th"ey did part of theii work at home and 
completed the p! k-ct in one of the school shops during the di- 
rected study pan of tiie mathematics class. The boys had won- •- 
dercd hoW their instrument would compare with a commercial 
instrument. One of the girls brought one from home. When the 

; class had completed work with the two instruments, both were 

'given to the mathematics laboratory. It was quite a thrill for this 
girl to briuT an instrument and explain to the class how it was 
used by aw engineer, W^ork of this kind does much to create a 
malhcmatical atmosphere and a will to explore, analyze, and 
arrive at conclusions. 

I j^a mathematics workshop, posters such as "analyze" — better 

.stfti, a posler copied from a recent geometry text — are invaluable- 
aids in making analysis a-tool of discovery. By frequent reference 
to these posters tiie students realize and appreciate the power of 
anaKsis and analytic proof. 

I hree tiny aiiplane models, each rnuunted on one of its three 
axes to illustrate vertical, longitudinal, and horizontal axes, carry 
the meaning of x, y, and z axes "deep in the heart" of thinking 
in terms of three dimensions. 

In- addition to the models, luatciials, and pictuies that are 
clianm'd fr{-(iiientlv, tiiere can be hung on the walls of the labo;ra- 
torv pictures that do much to ac|d to its atmosphere. The pictures 
<m the wall of one lahoratoiy are: "Galileo," a muragraph in soft 
tones jn seven colors; "Tree of Knowledge," "History of Mathe- 
matics," "Historv of the Standard Units of Measurement" — a set 
of six pictiufs each S" x 10", which may be framed separately or 
as one. 

Multi-scn.sory aids contribute nnich to the process of learning. 
While some of th.c vaktcs can be measured, there are immeasur- 
able attitudes ''nd 'espouses whici.i are recognized and appreci- 
ated by both tiic tc.ichcr and the pupil*? David Eugene Smith 
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olun spoke of the "soul of niathcniaiics/* Possibly the response 
and attitude that result from this type of study of mathematics 
are in some way related to the '\souL" 

A mathematics laboratory is well worth all the effort it takes to 
build and organize. Multi-sensory aids are part of the common- 
sense method of developing power to discover, to understand, and 
to use mathematics and mathematical laws in meeting the chal- 
lenge of today. 

If given a start, a mathematics, laboratory is inclined to be a bit 
like Topsy — to "just grow/' However, it docs need an opportu- 
nity to start. It needs help from administration, and it needs 
tea( hers interested in mathematical growth both in learning and 
in teaching mathematics, 

SlXiCrKSTlONS FOR MaTKRIAI.S AND KqUIPMEN T FOR 

A Mathkmatics Lauoratorv 

I'liiSG cAiuNns (vfitical). MifTuifnt for filing pupil reports, newspaper and 
magazine ( lii>pings. and picture collettinns. 

PosiK.R c.-AiuNi-.T (or closct), In which large pobteis and (haris may be kept flat. 

KxHiHiT CASi s for dispLivMg thrce-dinu-nsioiial nuuU U. (Mav Uv old hook- 
cases until bcuer cases are available.) 

Swing WING disI'LAVi-r, with wings of board. A compact method of increasing 
.i\ail.il)lc display .surface. In theory, this is a large wooden (or fiber b?)ard) 
K"»r»k. (ill the "pages" ( ^ which pictures and clippings may be displayed. 

Hi AfifviiOARi). one section ( f whi(h is ruled and painted for graph work. (Light 
Rreen p.iint is preferable to pure white, and each fifth line should be a bit 
wider than t}ie others.) 

Wai I BOARD ^'ff)r exhibits and display materials), replacing blackboard on one 
side nf rlu" loom, and also above the blackboard. 

Work lAiuis (and chairs) for discussion and gniup piojecis as well as for 
individual ( (jnsti lu tion work or drawings. 

Skiu ru \l hi A(:Kiu)ARn. 

CioHK or IHJ-: woRUi, the iyf)e ordin.irily usrd irj teaching geography as well 

as ouK' with m.nkablc suif.ue. 

(wommky modm.s, toniincrc ial (jr homemade (regular pf)I)hedrons. 

(onic sc( tl()^^. c u .). 
SnuK RfiK (l.tr;;e (h inou'^nalion model as udl as small ones for indi' ' 'nal 

use;. (7 ft. M.inuluiin t\j)r. S-^ oi). Kriilh 1 ;in«l I i in. PJ7 I'uhon St.. 

Ni'w ^'ork (at\.) 

<)inhR iN>iRr\uNi^ (nr mcisuring v.irious uniiN. r ^ . b.n ometcr. calipers, 
btjshel measure, (juarf. meter, sard, liter, tl'i(k. g,iU.innni( (er, gNrf)S(ope. 
tuPijiaAS (m.iriner's), etc. 
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iRANsrr. lloinnnudc ii.insii is a pt)^Mbility if a loauncrcial instrument is not 
a\ailublL\ ' 

PANT(u;uArn, not a diffuuh insuument to make, 

Parai I ncH.RAMs AN!) iRiANc.iKs. Mudc. of wikkU'U bHips to help teach prop-^ 
rnics and ciiicria of a parallelogram; aho rigid figures, 

Cfci.i.oi»HANE (ccUulose aceiaie), heavy cellophane (transparent) for making 
solid geometry niodfl^;^ heavy gla/ed cellophane h)r hamhuade laniern 
slides. From Celluloid Cicnporation «f America. Newark, N. J. 

Protlctoi'HANe tcnnes in iliin, transparent sheets widi adhesive on one side. 
Useful for covering pictures and clippings, and also for covering diagrams 
or graphs upon \s\\\k\\ auxiliary hues may be drawn with wax crayons and 
wiped off again with cleansing tissue. I'rom Stanley Bowmar Co. 2929 
Broadway, New York City. 

COMI'ASSKS, l»RO mACTORS, RUI.KRS. 

Construction ^aper. 
Abacus. 

Adding maciune and othi r iusiness machines. 

SIai'S. Write to Superintendent of Dixuinenis, Washington. JD. C, for Price 

I.isi bi M'li's (Sepi. nnO). l isis maps uf all suits at nominal prices. 
Wai.j. ciiARis. both connnertial and homemade. For suggestions, see Enriched 

Teaching oj Scif:ricr in the Ifii;h School by Woodring, Oakes, and Brown. 

Bureau of Publications, Teachers College, Columbia'University; and also 

Kuruhf^fi Tcaihini^ f)f MafhrnuifK^ \)) Wooihiug and Sanford (same series). 
."Tri k of knowi 1 iKii in (olur. lo hang in ihe classroom. Trom Museum of 

Sticnce and hulustiv. j.ickMni P.nk. (:lu(ai>o. 111. <eiUs posl])aid. 
**HisioRY OF iiiE standard u.nitsTof mkasurf.mknt.'* Set of six pictures, cach^ 

8" X 10"; may be framed separately or as (me pinure. l'n)m H. G. Aytc. 

Wesicin State l>a(hevs Colh-gr. Macomb, 111. A set with gloss^y finish, §2.0<): 

or hand-tinted, 5a.OO. 
'"CiviiMo." nun aj^i.iph. >nit duk^ hi nj-mh (ohns. liuin .Si.itdcy linwin.n 

Co.. 2929 Bioadway, New Voik City. 
Phoioorai'HS of MAiMt N!A'i i(aANs. rc)iih>li(> I and I^niffjlio II. Fiom Scripta 

Mailiemali(a. Amsterdam .•\\e. and IStidi St.. New \\)ik Ciiv. 
PnoroGRAriis of I'HU.osui'Ut rs (uho weie also matheinati( i ins). From Scripta 

Matheinati(a, Aiiisierdam .Ave. ami lH(idi St.. New York City. 
PiioTotiRAiMis OF scuMi^^is. 8" \ 10". I'rom Su'*iue Service. 2101 Consiilu^ 

lion Ave.. Washington. I). C. Srpi;i. $1.00 ea{h. 
Pkojn.inks. fjp.upH'. \n\ si.md.iid si/r l.tiiit ni shd« > S! j" \ I". til" x 2" 

•l.iiiteui slidt A .jinl U\\n sti ipv !(') nnn. mIcui .md hi mm soinid nw>ii«)U pw • 

luie pr<>j(?( tors. IVn table sciccns .uul loom cijuippctl with dark shades. 

S()t'tU*I..S AM) SU'IMM.IFS 

Ki i-kof)r(.jN(. okH.i.NAi (.MAKi.>». I'dSiiRs, AND GKArus. Ill aUY <ity of modcr.ife 
si/e time (Diiip.tnics uln-h m.ike plioiosi.uit rrpi odiu t ituis at relatively ^ 
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small losl (u})pio\ 25 ccnib fui a bheet 8I/2'' x 11"). This is an excellent 
nay in which copies of interesting and outstanding work by pupils can be 
kept. Some of these companies also reproduce material in quantity by the 
photoolTsct ptoccss (approx., $1.75 for the first 100 copies; 25 cents for each 
adcliiional lUO), Two coinpanie.s in the New Voik^area arc Hudson Blue 
and Photo Print Co., Inc., 25 Broadway. New York City; Ccmmerce Phot 
Print Corporation, 1 Wall Stf, New York City. 

Umvi RsiTY PRINTS NoTKDooK FOR MOUNTING piCTTURES. University PrintS/Co.. 
Xewion. Mass. $1.25. This notebook provides space for mounting 2p6 pio 
turcs. The sheets are green-gray. Paper foe notes is also provided. ' 

The ncTLRK coi i.ixtio.n. John C. Dana and Marcelle Frebault. H. W. Wilson 
Co., New York City. 90 cents. A paper-bound volume especially designed 
for librarians, but of value to all teachers. Gives list of publishers and ad- 
dresses for pictures and postcards/ Some of the topics treated are: how 
pictures are obtained; filing of pictures; mounting, hanging, and display; 
classification and subject headi^ngs. 

Vfrticai. Fii,E IN EVKRY LIBRARY. Orvitz and Miller. Remington-Rand, Inc.. 
315 Fourth Ave.. New York City. Free. Directions for filing and cataloguing 
clippinj^s, pictures, l*tc., \\4iich, although primarily for the librarian, are' 
also of value to the mathematics teacher. 

Tiir. ui i.i hiw HOARD AS A VicACUiNG DKvicK. B. J. R. Stolpcr. Bureau of Publica- 
tions, Teadicrs College, New York City. 20 cents. An interesting account of 
wa\s in whidi this rather neglected teaching device has been used effec- 
tively, 

Grapiuc prksentations. \V. C. Brinton. Published by author, 599 Eleventh 
. .Xxe., New York. 1939. 512 pp. $5.00. Tethnicjues of making charts, graphs. 

jud other tvpes of re{)resentation of facts. 
How to l'sk I'lcTORiAi STATISTICS. Rudolpli Modlcy. Harper and Brothers. 

New York. 1937. 170 pp. 53.00. Illustrated with tables, charts, and maps.' 

I'seful in all subje( ts. 
(Joou Ri'fj'Kt.Nci-s ON furri Ri-s, MAPS. c:nARTs. f.Tc, as Cl;issr{)orn Aids. E. C. 

Drill, r. S. OlfKo ot Ichuaiion. W'ashinj^inn. I). C. l'»:^S. lli pp. 
Amaimr si [ni \fAKiNG. R. B. Beals, American PlH)tographv. \'ol. 32, pp. 6S5 

r>8S. Ocfohrr 1938. Wihiable suggestions. 
How If) MARK mamjmadk LAN u rn SKints. (i. E. Il.iiiiilion. I- .itiotiiil Sireen. 

i\\ h.tsi I ake St.. Chii.i.utV 25 pp. 10 cenis. 
.SiNtiM r Diki ciioNS FOR MAKING visi Ai. Ain>. I.. MiMhtTslia w. I)e{>.inment of 

Insnu(ii<»n. N. E. A., 1H12 Illinois St., l.awreme. Kan. 25 cents. 
How 10 N!AKK lANTiRN siiDhs. W. T. R. Prlce. Echuaiion, \*ol. 58, pp. 501- 

!)07, Apiil 1938. The incrhod (;f in.iking l.imem slules on ^'lass or lumaritli 

by Ii.uid. usiut,' a v;irieiy of ledinitiues. niicitiuns are also given for a 

hoiiH'iihule lif^bt lahle for woik on slides. 
Eanti RN SMDis AM) s'1-Rip FILMS, AIniost everv <it\ of moderate si/e has ai 

least otH (Minpanv whi(h will make lantein slides, eithrr {)l.iin or colored, 

or stnp hinis. fioin piiiures or ncgaiises. Consult local directory. Among 
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(hins in ilu' New Voik (iin Aim :n'' CuMnopolium >Suuli()s, 115 West 45th 
St.: i:cl\v:ird Van Ahcna, 71 West 'ISih St.; Ideal Studios, Inc., 160 West 
4Gih St. 

Cark of hi. MSI iDhs AM) MO TioN'i»icTi.'RE F.H.M IN LIBRARIES, Superintendent of 
Documents. \Vashin^»^on, D. C, 1U36. 8 pp. 5 cents. Standards Research 
l*:iper No. on the care and storage of xhis visual material. 

lU'^ntR i.AMKRv stu)!'. CO., 131 Last 23r(l St., New York City. This company 
m4Is lantern slide materials. 

Measurement 

HisToRicAr. RKVii-w OF Tui'. .Mi^ASi RK.MKNT OF i.K.NGTU, Ford Motor Co., Deaf* 
bom, Mich. Free. A folder givin a short illustrated history of measure- 
' inents. ' 

SlAM)ARn .Ml-A^l RhMKSlN Ol- IMK IN U RNA 1 ION AI. .MKTRIC SYSII .M. U. S. KuTcaU 

Deparimrnt of Commerce, Miscellaneous Publications No. 64. Superintend- 
rut uf Do(unieius, Washington, 1). C. 34 pp. 15 cents. Although published 
in 1935, this bulletin is still (me of the most %aluable publications in the 
field. 

SlA.NDARIi MI-ASl kl ,\tl Ms 1)1 IIU INHRNADONAI nU- IRtC SYSIF.M. U- S, liureaU 

of Standards. .Siiperinteiulent of ununts, t^shington, D, C. 40 cents, 

.A valuable wall chart, ' 
SrA.NDARns OF NVHciitr AND .MKASiR^ . Pii(e list No, 64, Superintendent of 

I)o(umenis. Washinf;ion, I), C, Iree. A list of government publications 

dealing with tests of meials, cement, condete, iron, electricity, clays, arid 

pIiotc)j^.iphi( materials. Many puhhiations on standards of weight, length, 

ele(iri(iiy, ii*sistan<e, etc. 
|-.i (»tNK u\\ i/(itN c:o,,'UlS East 23rcl St„ New York City. Pantographs, graph 

pajjer, and similar siip[)lies. Wriie for fiirther information and sample*. 
1)1 MoNsiRAiioN \\\uv Ri I i s. Keuflel ami Esser C^o., 127 Fulton St., New York 

City, Mannheim t>pe (No, 100; 7 ft, long. $8.00. Polyphase type (duplex) 

7 ft. long. $15-00. 
\uni-R iNsiKiMiMs» Fast I'alcsrine. Ohitj. Mathematical aids. 



VISUAL AIDS IN TEACHING. 



E. It Breslkh 

When visual aids are usecj in teaching, it is as necessary as in the 
case of any other teaching device to have clearly in mind the ob- 
jectives to be attained with the pupils. Faulty use of a teaching 
procedure makes teaching ineffective. It may even destroy what the 
procedure is expected to accomplish. For example; one of the aims 
of supervised study is to make the pupil intellectually independ* 
cnt; yet one of- the most commoh criticisms of supervised study is 
that it makes pupils depend too much on the teacher. The teacher 
who thinks that he can help the pupil best and most quickly 
by removing all obstacles will be doing much of the work for him 
and thus training him to be moie and more dependent. However, 
the teacher who stimulates interest and effort, raises questions for 
which the pupil finds the answers, and instructs him in effective 
ways of study will train. him to become more and more independ- 
ent. Thus, the criticisms are not really directed against supervised 
study but against the way of administering it. 

Similarly, those who minimize the importance of visual aid or 
even condcnm its use have probably been influenced by faulty 
uses in teaching which they have observed. 

• The following discussion of the more important objectives and 
of the methods of using visual aids may suggest ways of making 
them effective. 

U.NDKRS IAN DING THE MkANINGS OF MArHKMAMC^AL CONCIEl'TS 

Caiefiil analyses of ihc mental piocrssc^s and of the w.J'itten work 
of pupils disc l(vse that much of the diniculty they experience in the 
study of mathematics is caused by the failure to understand the 
basic iiiaiheniatical concepts. Unfortunately, these concepts are 
too often ie<;:n(le(l as sinij^^lc by the tca(^her. For exanijile. children 
aie taught fi actions in the upper <J!;ia(lcs of the elementary scln:)ol 
and use tlicin tiiioui;hout liii^h school. Houever, the errors which 
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^ liii^h silKH'i stiuU'nrs *\M\kr are ccMivincing t^x idcncc of their lack 
of a ( Icai uuclcrstaiuiin.n of the incanhig of the fi action concept. 

^ The same is true of other basic concepts in the various mathe- 
matical subjects; for example, the literal number, signed number, 
exponent and equation in algebra; the triangle, circle, and area 
in j^rc-onietry; and the trigonometric ratio and function in trigo- 
nonvetry. The teacher in search of ways of helping the pupil attain 
the neiessaiy undeistandiugs ;vill Inid that \isual aids aie a most 
helpful ally.' 

'Ihe Follouing illiistiations iiidiiaie the procedures for using 
visual aids w'wU se\*eral basic niaihematical conceijts. 

Utoiil number. The introduction of letters as number symbols 
niaiks an important step in.niaihemaiical education. Three aspects 
need to be taught in the beginner's course. 

Fiist, the idea is to be dexclopeil that a literal number is an 
unknown nmnber whi(h is unlike the specific numbers of aiitli- 
miiic. 'I'hc discussion may siait from a line segment, or an angle, 
of unknovvn length or si/e. Clonvenienily this may be develo])ed 
by a letter, siu h as / or <l Tlio pu)>il then determines by measure- 
ment the numbcis denoted b\ the letter / or a. Thus he learns 
how letieis are used con\cnienily as symbols for unknown num- 
bers \\-hose v.ibu'S m.iv l)c found bv some proi:ess. in this case by 
nu-asuiemcnt. I he niistaki- of thinking of literal numbers as names 
is iheieby axoiiled. Iriuii the beginning thev are actually symb<)ls 
for numbris. 

A se<(jn(' aspi( t ieadiui; the pupil to a fuller understanding of 
the meaning ot the liieial nuniber (f)necpt is tlie idea of general 
number, di.ii is. of a nim'.l>er svn^bol which may have any value 
whats(}t \ cr. 1 his m.iv be deriveti Iroin a triangle A^hose unknown 
pcrinieiei is denoted \)\ a -i- b J- (\ Measiueuient then deternines 
the \Mliie of the luikufuvn niunber a -i- b r. However, the tri- 
anule UKiN be an\ trian;;le. and a b ^\ c therefore denotes the 
pt'iinieter o[ all tiian^les thai mav be diawn. It will ha\e a dif- 
feietu \.ihu' for each new triangle; in lact. it may ha\c an indefi- 
nue numbei of \ abu-s. 

I he idea ih.il a literal nimibci tnav bt- a vari.ibh' nmnber is 
\isuali/ed with the ninuher s(ale. \V'hen a tiain has liavclcd a 
Li;i\en ninnbci of minutes, the disianc e passed over may be denoted 
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by d M the train continues to travel and the number of miriutel 
cliapj^os. the distance represented by the literal number d al*o 
chanjjcu. The c hanges may be visualized by mark ^ various values 
of (/ on the ninnl)cr scale. The mnnber d is said to '*vary" with 
tlie number of niinutes. It fs a variable number. 

Kvidence that many pupils who have studied geometry 
ft)r some time are confused about the meaning of an angle is ob- 
tained when they t:ompare sizes of angles on the basis of lengths 
of sides or when they speak of a straight angle as a straight line. 

Vhc first step in developing this concept is to identify illustra- 
tions of angles in the classroom and out of doors, such as those 
observed on \vm11s, ceiling, floor, desk, chalkbox, and other familiar 
objects found in every classroom. From such observations the 
pupil comes to the conclusion that an angle is a geometric figure 
formed by iwd straight lines which meet or intersect. 

The blackboard compasses may then be used to visualize the 
meaning of the size of an angle. Keeping one arm of the compasses 
fixed in position, the teacher turns the ot.ier arm so that it occupies 
several other positions. This illustrates that the si/e of an angle 
depends on the size of the opening of the compasses or on the 
amount of turning, not on the lengths of the sides. The smaller 
of two angles may aciuall) have the longer sic'es. The blackboard 
protractor is then introduced to show how the size of an angle 
may be fcmnd !)y measurement. The same instruments are used 
with good results to chirify the meanings of acute. angle, right 
an^Ie. obtuse angle, and straight ai.gle. A straight angle is some- 
thing very clifl'crent firm a straight line, because it has a vertex 
and two sides. It is /ound by tinning one side to the position 
of the other, not by moving the {)encil point along the edge of a 
ruler. 

SiL!,ncd riinfihrrs, Kxperience has sh()\s*n that puj)il.s ha\e much 
diflicuhy with si ;ned mimbers. Because of their important* in all 
algebraic ^s'ork ttie best teaching procedure should be employed. 
Teat lit IS have used with siitccss a vari(*ty of devices to develo{) 
( lt\ir meanings. Otic of the simplest and most effective is the mnn- 
ber stale, with wliiih the piij^il is usually familiar from its uses in 
nieasuKnnent. He is ac<iuaintecl with the fact that, as he passes 
fiom the left to the light, the numfu'rs on the scale increase, and 
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that as he 'passes from the lij^ht to the left, the niunbers on the 
scale decrease to zero. The scale is now extended to the left beyond 
the zero ni^Hk^ and points are marked one, two, three, and more 
units from zctvo. They are labeled -1, -2, -3, etc. The entire scale 
is now exatjiined to bring out such Tacts as the following: 

(a) All negative numbers are less than zero, in the sense that 
they lie to the left of zero. Tiius,: -1<0, -^2<0, --3<0, etc. 

(b) Any number on the scale is less than any number to its 
right; e.g., --3<--2, -2<--l. rtc. 

(c) Any number is greater than any number located to its left; 
-e.g., -3>"-5, 0>-8, etc. 

The number scale ne^d nbt be the only device used in teaching 
signed numbers. Temperature readings, distances north and south 
or east and west, and other devices should follow until the mean- 
ing of positive and negative numbers is clearly understood. Not 
until this has been accomplished is the pupil ready to take the 
next step, to learn how to operate with signed 'numbers. 

Equation. One of the best devices used to lead the pupil to a 
full knowledge of equations is a pair of scales such as are used 
in laboratories. When in balance, the total anuu^nt is the same 
on both sides. In that position the .scales illustrate an equation. 
Thus'' an equation is a statement of the ociuality of two number 
expressions. 

If the total amount on one side of the stales is changed, an 
equal change must be made on the other side to preserve the 
balance. Thus we may add the same number of weights to both 
sides, take away (subtract) the same number from both sides, 
double or treble (multiply) the number of weii^hts on both sides, 
or replacL them by one-half, one-third, etc. (divide) of the num- 
ber of weights. 

The changes with the loadings of the scales \isuali/e the basic 
principles ctnployed in solving e<piations. The } roccs.s changes the 
values of the nu^nbeis of the eciuation. hut i! )cs not destiny the 
equality. 

Ry always thinking of an equation as a statement of balance 
of two number expressions, the pupil will esca{)e much of the con- 
fusion into which he is thrown by such mechanical processes as 
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transposition. Solving an equation ah\\iys means to add to, sub- 
tract from, multiply, or divide both members by the same number. 

Trigonoynetric function. For a complete understanding of the 
trigonometric functions the pupil must master such fundamental 
facts and principles as the following: 

(a) A knowledge of the changes^ in value b| the function as 
the angle changes from 0^ to 360'^. 

(b) A knowledge of the greatest and least valued which a func- 
tion may liave. 

(c) Ability to determine the algebraic sign of a f\inction for 
all angles lying in a particular quadrant. 

(d) Ability to express ifie function of any angle in tei^is of an 
angle less than 4')^. 

(e) Ability to express the values of functions of negative tangles 
in terms of positive angles* 

These facts and others may be developed separately, bvu they 
can all be visualized by one device, the graph. A quick glance at 
the graph, or indeed a ? ^ental picture of it, enables the pupil to 
answer questions relating ^o any of the facts' stated above. The 
time used in making and mterpreting the graphs of the trigo- 
nometric functions is very profitably spent. 

IJNOKR.SrANniNG MaIHEM ATICAI. PROCESSES 

Such abstract processes as division of decimal fractioiis, extrac- 
tion of s([uaie root, factoring, and the operations with signed 
numbers can be taught by rules. Houever, a. rule is gradually 
forgotten and, in the performance of a process, confusion arises 
concerning the steps involved and the order in which tlie steps 
:ire to be taken. 'I be diflicuUy may be reduced or even eliminated 
by the use of visinl aids to illustrate the steps in a process and to 
clarify the reasons for the various steps. The pupil thus taught is 
given a chance to return to these aids and through them to rise 
abfivc the confusion in which he finds himself. 

The following examples show the use of visual aids in teaching 
ni.nluMnatical processes: 

Addititni aj sii^^urd nuwhcrs. Two rules are'usu.illy taught: one 
.ipplics to uuuihcrs having like signs; the oilu'r, to numbers hav- 
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ing unlike signs. The number scale visualizes both cases. The rule 
in the second case consists of the following steps* The arithmetical 
difference is taken, the sign of the number having the larger ab- 
solute value js fixed in mind, and that sign is written before the 
arithmetical difference. If a pupil has forgotten the rule or if he 
is not sure of it, he may return to the number scale to find the 
answer, or he may use the number scale to reconsjtruct or verify 
the rule. To -find the sum of +12 and — 3 he proceeds as follows: 
4-12 added to —3 means that he is to locate +12 on the scale 
and from' that point to move 3 units to the left. He is then 9 units 
to the right of the zero mark, which means that the answer is 4-9, 
It is not necessary to make a. drawing -of the scale, because the 
steps are so simple that they are easily visualized mentally. 

By this device he may add two numbers having like signs. Sub- 
traction may also be visualized on the luimbcr scale. In this case 
the scale is merely used to visualize and -develop the rule. Because 
the rule is simple, pupil.^i do not need to use the scale to solve sub- 
traction problems. 

Finding the square root of a nvmber. Because this process is 
not used as frecjuently as the four fundamental processes, it is 
more easily forgotten. Hence, it is necessary to use a method of 
teaching which will facilitate the recall of the steps involved. 

The given number whose square root is to be found is repre- 
sented by the aiea of a square (:(MUj)osecl of two scjuaU'S wliosc 
areas are or aiui Ir, and tu*o ('({ual rectangles each <)f area ah. 
The area of the large s(juare is 2ab + b'^, which therefore 

represents the inuiiher. This sui^i»ests the stt^ps tr) l)e tUKcn in 

finding the side a 4- b, which represents the required square root. 
The problem thus reducjs itself to finding a and b. The steps are: 

(a) To find the largest number a who^^c S(|uaie is less than the 
given number, i.e., ci^ -f 2ab ^ h^, 

(b) is subtia( ted from the ^i\en muMher, i.e.. (r -i- 2fih //-\ 

(c) The reinaindi'r 2ah i- //- shows {he leinainiii^ steps, i.e.. 
to divide it })y 2a to determine* b, and to subtract 2^/^ -f- b^ 
hnm tlie previous remaincUT. 

(d) If thrie is no m w imiainder. a is the recjuired root. 

If ilicre is a r)c^^' icniainder after suf)tra(iing 2ab b- or if the 
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given number is not a square, steps similar to (c) are repeated. 

The purpose of the use of the square is to facilitate the recall 
of 4- 2ab b", which then shows the steps to be t.aken in the 
process. 

Solving equations. It has been shown above how a pair of scales 
may be used to visualize the meaning and the process of solution 
of simple equations. As the pupil contiinies the study of algebra, 
other difficulties with equations arise. For example, it is not easy 
to see why a quadratic equation has two roots that are. equally 
valid, why the solution of a system of linear equations should con- 
sist of a pair of numbers, and why simultaneous quadratic equa- 
tions should have more than one pair of numbers satisfying the 
equations. 

The answers to these perplexing problems are found in the use 
of graphs to visualize the processes of solving and in the solutions 
thctn.selves. The graph of a quadratic function ax^ ^ bx c shows' 
the changes in the values of the functions. When the graph crosses 
the X-axis twice, the function assumes the value 0 twice; the equa- 
tion ax^ + ^^x -f c = 0 has thet^efore two roots. The graphical 
method also shows that four solutions are to be expected in the 
case of simultaneous quadratics and that they are not necessarily 
distinct or even real. Furthermore, it illustrates each step in the 
process of solving and the meaning and purpose of each new 
equation derived from those that precede. It explains why the 
final results are the solutions of the original equations. 

Kxp'crience has shown that the confusion that arises in the study 
of equations may he avoided by letting the graphical solutions al- 
ways precede the algebraic methods. 

Undkrstanding Rki.atio.nships 

Matheuwiiical relationships aie nioie readily understood and 
pertnaticrdy letainea if they are illustrated in diagrams and 
tnodels The |)ui^il who assoc iates with the 'expression (a + b)^ 
tlie area of a scjuaic which is divided into two squares and two 
equal rectanii^les the sum of whose areas is + + ^^^^^ 
\=-ays renietnher the coriect ecjuivalent of (a + h)'^. If the area 
of a triangU; is developed from a diagiani showing it to be one- 
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half of the parallelogram, the pupil will understand why the 
factor i/^ occuis in the fornuila A = l/^bh* Similarly, he will not 
forget that the formula for the volume of a pyramid contains the 
factor if he has developed it by pouring the contents of a pyra- 
mid filled with sand into a prism having the. same base and "ialti- 
tude as the pyramid and finding that he must do it three times in 
order to fill the prism. He will be able to recall the formula 
V\=z ahc for finding the \ohnne of the rectangular parallelepiped 
if he has liandled a rectangular block divided into a layers, each 
of which is divided into b strips, each of which in turn is divided 
into c unit cubes. He will produce automatically the relationship 
between the sides of a right triangle if he visualizes the familiar 
figure of a right triangle with a square drawn on each side. 

Teacliers recognize the importance of the ?bil;ty to visualize 
ierationshi{)s in algebra and analytic geometry. Pupils are ex- 
[)ected to know that the graph of )' = mx 6 is a straight line, 
that the graph of y ~ ax^ c is a parabola, and that the 

points of intersection illustrate tlie solutions of the system 

ax- + 6x + c = 0 
mx + 6 = 0 

Thus they recogni/e the fact that a pair of equations, one of 
which is linear and the other (juadiatic, cannot have more than 
two solutions, lliese and further important facts which are not 
readily understood by solving the equations may be deri\ed from 
giaphs. Similarly, pupils are expected to know that the ellipse, the 
hvperbola, and the ciicle represent, res{)eciively,.the relationships 

X- )/2- A- 

4- ,^ = 1, . — = 1. and 4- \- — r-. Such knowl- 
edge is uj^cful in the scjlutiun o[ simultaneous eciuations. 

Traininc; in Space Imagination 

Tiairiing in space imagination is generally listed as a major 
objertiM' of thr teaching of geometry. 7*iaining is offered in plane 
geometry hy exiriiding the ideas and relations in the plane to 
ihrcecHmensinual space wheic they may be ohsor\e(l in familiar 
.settings. 'Mic (outsc in solid i^eometrv 'vuis further to develop the 
ability to visualize spatial figures and lelatioris'. It also trains 
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pupils to make good drau iiigs of these figures on paper. Funkier- 
more, pupils should leani to visualize in threj^-dimensional space 
the points, lines, and planes shown in two-diniensional drawings. 
Very often herein lies a major difficulty in teaching solid .geom- 
etry. Sonic pupils require considerable training before they are 
able to visualize from the textbook drawings the geometric forms 
which they find in their surroundings. Models of tHe drawings are 
helpful, especially those made by the pupils themselves. 

It is advisable that in the early stages of the course, the study 
of the diagrams in the textbook be preceded by an examination of 
models. Thus, the pupil may count the vertices, edges, and faces 
of a cube on the tangible modeh He may note the« relative posi- 
tions of parallel and perpendicular lineyand plane^ and he may 
^ derive therefrom ;he formulas for finding the areas or faces and of 
" Ww entire surface. 

When he has become familiar with the model, he is ready to 
learn to draw it on paper. Many pupils need time and practice 
before they can make a satisfactory drawing. After that, they are 
prepared to study profitably the' diagram of the cube in the text- 
.book. Kven then some pupils will find it necesr,ary, or helpful, 
to return to the model to clarify their ideas. 

Frequently, before reciting in class, the pupil may build up a 
model of the diagram with sticks and cardbo^ird. Wide opporlu- 
iiity is offered here for tfie use of creati\'e imagination. 

Some teachers object to the use of visuil aids because they 
believe that the time spent on making models and building up 
dUgrams could he more profitably employed in the study of the 
geometry involved. It is true that some teachers and pupils do 
become so interested in this type of work that they carry it to ex- 
tremes. In such cases the study of geometry might actually suffer. 
Most teachers. howe\er, will a\oi(l extremes, especially $>incc the 
riyjit kind oT training will reduce the need for models to the 
poiiu wlicie they uill be used only in cases which experience has 
shr)wn to he vcrv difficult. This mav be necessary even late in the 
contse. l\)V exaini)le, few pupils are able to form a clear concep- 
tinii of spliciical triani^lcs and polygons merely by looking at the 
(liamMins u.suallv found in textbooks. If tliey are perhiitted to ob- 
s(M\t' how (he teacher draws a spheiical polygon on a spherical 
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blackboard, ^ic diniculty is easily removed. If no spherical blai^k-, 
board is available, good results may be obtained with a baseball, 
an orange, or an apple. Photographic views of polygons drawn on 
a spliei ical bhu kboard have been used with good results. 

Incri-asing the Pupil's Understanding of His Knvironmknt 

One of the objectives of education is to acquaint the pupil more 
fully with his surroundings. Mathematics may con^iribute to this 
knowledge by making use of the many opportunities which geom-* 
etry offers for observing geometric facts and principles in the class- 
room and out of doors. It is not difficult to find evidence that such 
training is badly needed. Some pupils cannot supply even the most 
elementary information about the heiglit of the building in which 
they liVe, the size of the lot on which it is built, the width of the 
street, and the distance to school. Partly responsible for this lack 
of observation are the teacheis of mathematics who limit their 
teaching to the facts in the textbook and fail to call attention to 
the abundance of illustrations in tlie familiar fonns and objects 
wfiich pupils may observe all aroimd them. 

The ri<4ht kind of teat liini; makes pupils geometiy-niinded. so 
that they reco^ni/e that geotnetric forms aie a part of their sur- 
roundings. The u'indowpancs and blackboard represent plane 
sui faces. Tiiangles are riisc(j\ered whose side^ are Hagpoles or 
smokestacks. Filing cases, railroad cars, trucks, and cartons are 
re( tani^ular forms» Fruit cans, boilers, tree trunks, and silos are 
cylinders. Tumblei.s. wasteb.iskets. posts, and lanij)s}ia(lc*s aie frus- 
tums of cones. F.verywhere the pupils may recogni/.e illustrations 
of the fi'^uics which they study in georneiiy. 

.•\ small amount of simple work in surveying should replace 
some textbook pioblems.to incicase the ])upirs api>i ec i.ition of 
niathenruus. 

(ll.AbSROOM Fyrii'MKNI 

In most scliools the mailieniat i( s classroom lias poor e(jui])nK'nt 
when compared with that of otlier dej)artments. e.g.. the sciences. 
For \e.iis it has been the opinion ui sc hool administrators in gen- 
ei.il that maihcMuatics trachcTS can get on \c'iy nicely with an 
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eraser and a straightedge. It is difiieult to change this attitude, 
whidi f.iils to recognize that niaihcniatics courses can be greatly 
enriched, hy the use of ecjuipnient which relates mathematics to 
ever\tlay life and which, by aUusiratiug and visualizing niathe- 
rnaiical fac t.s and pnnci{)Ies, increases the pupils' understandings. 

The fnlUnsin^f list of visual aids is by no means complete but 
it slioiild {)rove helpful. 

Mnfrwils present in the classroom. The fact that certain mate- 
rial is available without cc^st does not niiniinize its value. Indeed, 
its simplicity and taniiliaiitv make it \eiv elie(ti\e, particularly 
in developing the basic concej)ts ol geometry. The teacher should 
refer freely to illustrations found on the walls, ceiliiig, and floor 
of the room, the teacher's desk, clialkbox. windo\s*s. doors, book- 
(ascs. and hling cases. 

Materials drjnatcd or made hy the j)Ufnls, Here one may in- 
I lude sheets (;f 'Cardboard, sticks, string, pictuies. pcjsters, home- 
made ^ transit, plane table, and models. With a (-ardboard tube 
and two sjnall j>rotraciors a skillful pupil can' make a transit 
\Nhi(h is cjuite satisfac toiv hir simple woik in surveying. 

In some schools teachers and j)upils lia\e in a short time as- 
sembled exc'ellent toller tions ol [josters which illustiate nralhe- 
iiMii(al pi in( iples or show the uses of mathematics, Recemly such 
a (nllc'ction (jf pupil-made posteis was exhibited by Miss Ida 

j^clsf )n. a tc. 'ber in the (lliica-^o school s\stem. 

raiicnis and insinn tions for making caiclhoaul nu)dels of poly- 
liedionstari b(^ pUK based fiom M. (\, Ilaiilev. a teacher in the 
l'ni\('isi(v Hi'^h Sc bof)l. I'lban.!. Illinois. It is sniptising how 
of woik stinmlates the creative imagination of pupils. 
I .uli new ( lass will tiv to sinpass the pi eceding chiss. If.^oidy the 
brsi .Me tel. lined, ail e\(elleiit jjei iliaiieill iolleclion of models 
iiia\ be .Hi uimilaud in a ( nnij »ai at i\ elv sli()it time. The next ar- 
ti' le. by I)i . } hi! explains bt)w nine li ol this woi k can l)e done. 

hn xpDi^irr hul rystiilial rrjui j)ment. Here one should list 
bl.u k!)(»aid 1 iilei ( Miiiji.isseN. j )i ( )i i ac I oi s. cnli)ie(l < ia\on, a sphei i- 
(al bKi(kbnaid in \j\uali/e spheiical aii'^les and j)olv^ons. a 
stpi. ned bhnkbo.od foi -Kipliiial uoik [o (laiit\ mathematical 
i(l< as 111(1 pi(K esses. 

Pit ones of bi id^es. dams, and buildings exhibiting matheinai- 
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ical facts show the applications of mathematics in art, nature, and 
architecture. 

More expensive equipment. This may include low-priced 
transit, steel tape, level, and sextant for doing some field work 
to supplement geometry and trigonometry, diagrams in three 
dimensions, such as those published by Newson and Company, 
New York City, to illustrate and emphasize the significance of 
mathematics in everyday lift?-, jstereoscoj^e with views showing the 
practical applications of mathematical principles. 

Films are a valuable instrument for teaching mathematics. In 
their use mathematics is far behind the sciences. It is to be hoped 
- that this type of visual aid to mfn^thematics will be more fully de- 
veloped in the near future. 
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A I.ABORATORY APPROACH TO 
SOLID GEOMETRY 



Miles. C, Hartley 

During rkcent years emphasis on logical reasoning in everyday 
life and on practical applications, as well as innovations to provide 
for individual differences, has resulted in radical changes in the 
courses of study and in the textbooks in plane geometry. Solid 
geometry, however, has not enjoyed this renovation; ''Solid Ge- 
ometry for Today" and "New Solid Geometry" are but modern 
names for Eiulid, Books VI to IX, with the result that solid 
geometry as now taught in our secondary schools has been called 
the most uninteresting subject of the curriculum. It is the writer's 
purpose to present here the results of experiments conducted at 
the University High School, Urbana. Illinois, in the hope that this 
presentation may lead other teachers to try more laboratory work 
in their teaching of solid geometry and thus to stimulate greater 
interest in the subject. 

One cf the primary objectives of a course in solid geometry 
should be the development of a pupil's geometrical imagination 
so that he may visualize clearly the correct spatial relationships. 
This mental groWth may be speeded up through perspective-draw- 
ings and pupil-made models. 

Perspective 

The ability tc look at n two-dimensional drawing of a three- 
diniensif)nal objeci and to see it as a solii/ fij^ure can, by a study 
of perspective, be developed so that diagrams of planes and poly- 
hedrons assume a reality of depth as one reads into the figure the 
iiiiporiant third dimension. 

The means oif such development here presented is a lecture- 
laboraioiy method in which the teacher makes the drawings on 
the blackboaid as he gives the explanation, and the students make 
the same drawings at their desks. The following discussion intro- 
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duces the Mudcnts to solid j;'*oinctiy thioiijuli {)ciiij)cfti\'c flrawiiii;. 

**In phinc gcoinctiy you studied n\any figiues, such as the poly- 
i^on aud the eiicle, which tan be represented on a flat surface 
called a plane. These figures had only two dimensions: length 
and width. In solid j^eomeiry you will study figures of three di- 
inensiuns: lengtlu width, and thickness. Thc^se figures, such as the 
c\ Under, cone, i^risiri. and pyramid, are n(;t confined, to a |)lane; 
hence, thev differ from the figures of phuie gconu'try. Hefoie you 
studs the ])i<)])i*i ties of these figmes, you will want to learn to draw 
them so th t they will appear to be solid and not flat like a sheet 
of paper. 'Ihi.s.is dciue In a method cilled powprctiir, whiih is 
used to make uu ol)]ec t appear to base dinuMisions." 

"If you weie liding along a concicte highway in the le\cl coim- 
tty (){ tlie Middle West, vou would see the flat pKiirie Mien lung 
away in the disiauce mail it seemed to nieei the sky in a loui^. 
straight line whiUi is caMed the hnii/oiu hi fiont of \ou. as )ou 




lidi' liie \^l^le ((>ii( ic [(' hi'-;ln\,j\ ^mi-n nn .tiid cii. ^i iini^ ap 

p.ii(!iii\ n.uiMucj .iiul iKiiiMwei, itniil ii hhcIn ihe lifiii/on in .i 
siu'^le poMii litis p<Miii is (.ilhd ilu* v.inisliui^ j^Mim. II \t)\\ 
h »( tkcd \ ( w I a? ( 1 11 1 K . \ uM \\ ( Mih 1 (li.N( M\ 11 I i i.it [\\r lun i/( m seeimd 
I'' bt' ilif ^.fiiir lu .!s \Mm e\{ s. It \»>ii h'tt \<)U! i :{\ and sat 
on (he ui.hiihI. \f)ii wdiild luid (hat iiu- iioii/on h.ul Inwered, It 
s*"i ibiidntl a III. J! |)\ Mce. \n\\ woidd liitd that the lnMi/nii msc 
as \iMi ( b'nibe<i. \ iin di.iw du ^e i hi ci- sit nations f I ^. 

•/ MaN<' t!ii(c dia\\in,;N dl ladioad tiatks in wliic h 
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the liuri/.on is at three different eye levels. Bring to class exam- 
'pies of vanishing points in pictures and photographs.) 

"Can you imagine a large box placed on the highway? The 
edges of the box which rest on the highway form parts of lines 
which, if extended along the highway, would meet at the vanish- 
ing point. This -vould likewise be true for the upper parallel 
edges. It^ Figure 2 nou have a sketch of the box as it would appear 
if you WL'ie standing beside it. Fig.ne 3 shows iiow the box would 
aj)pear it nuu were seated before it/' 




{I'xenLst's. Draw a kitchen table as it would appear if you 
wt le standing beside it. Draw the table as it would appear if you 
were sitting beside it. Dra^v a picture of a stretch of a railroad 
[r:uk with telegraph poles and icnces on either side of it.) 
" P.nallrl lines aie lines that ah\a\s ieniaii> 

' ' . ' V.I LU)\s' Ku tliey are ex- 

1 iL;ure i:» loin ed^es of the box aie parallel and all 
- ;:i !o meet at the \anisliing point. As we look down the high- 
ihc sides ol the coiitrete roadbed, the rows of telephone 
|M)l(s. \\\c icK'phoiie wiies. and the fence form sets of parallel 
liiK s \\hi(li meet at the saitie vanishing point. Hence, in pei- 
spi'i ti\e. .i L^ioiip of p.iiallel lines which recede from the obsei ver 
iMU\t iL;c ;ii a vaiiisliini'; point on a level with the ob.server's eye. 
"Ihe (\(iptions are p.uallel lines which run from rii^lit to left 
■ p.nalK l lo \\\v hori/on' and paiallel lines which are vertieal. In 
1)()\ in l iLiiiie L\ iheie aie fom sets of each ty[>e of jiarallel 
h'nes.*' 

*■ 1 he oulinaiv binldim^ InnV '(ailed a rectauL^ndar parallele- 
[M])cd in solid '^coineii v) has six ie(ian^ular laces; its ed^c^s form 
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three ici^ uf [Miallcl lines- four parallel lines of width, four par- 
allel lines oi lenj^ih, and lour parallel lines of height. If you turn 
the hrii k bo that vuu hjok along the lenj^ili liiies> you have an end 
view of it ^Fig. 4). 'I'he \anisliing point does nut appear in the 
(Ir.iwing. Init you (an find it by extending the two visible lines 
which u'jJiesent the |)arallel edges of length (Fig. 5) . The horizon 
is dr.iwn through this point and paiallel io the front edges of the 
hrick; When the biick is placed so that three of its faces arc vis- 



I \ Figure? 5 

/ihle. ilicie aie ilnce lines which (an be extended to locate the 
• \ain'shin'4 poiiu ami ilie Imii/i'ii, As the Iniik is lotaled tloek\\is<\ 
the \anishin- pdini uuai's i.n iht i to Uie \v^\\{ (I'ig. li, 7, and 
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**Yoii must not fmj^t't \\\v paiallel liiuvs which rcjiitvscMU the 
svichh of the l)ii('k. When >.)u extend these lines, you find a sec- 
ond v.u.ishing point which lies on the same horizon as the first 
vanishing point (I'ig. ii) . v\s you turn the brick" more and more. 




Nou (nid that ihc liist vanishing point moves aw«iy to the right 
aloui; tlie hori/.on and that the second vanishing point moves to 
the lii^ht also. The third set of parallel lines is drawn straight up 
and (lj)\vn; there is no \anishin_^' point to consider for iheni." 

iExtnciscs. In a i)hotograph h)cate the vanishing points by ex- 
tending paiallrl lines. Make a drawing of a cube in each of the 
fdllowing posiiioirs: (a) midway between iwo vanishing points 
and l)eh)\v the hoii/on; (b) to the right-center of two vanishing 
points and bch)W die hoii/on; d:) to the Icft-ccntcr of two van- 
ishing i)oints and i)ch)w the hori/on; (d) midway between two 
\anishim» points on a hr)ri/.()n behind the cube; (e) to the right- 
center of iw(i \anishing j)oints on a hori/.on .behind the cube; 
'h to the left center oi two \anishing points on a hori/on behind 
the ( ube/) 

* 'l he I cud 1 ol a lei tangle is the point df inieisci tion of (lie two 
(hji^oiials flMg. 10}. The peispecti\c of a tee 
Millie is a (piadi ilaleial. but its center is still 
the point of intersc^ctinn of the dianoiials. 'I bus 
Nou haNC a method foi (h*tenninioi» the point of 
bisi'tti«)n ot a Hnc se^meiu in a i^eispedise 
tli.iw wvxy 

l-'i^. 1 1 i is the pel spe( t i\e ol a i e( tan-U*. I. is the intei - 
sc'(iiMn of (ii^f'^tuials lU) and A(\ A" joitied to the first vanishing 
|)Mint J'l delerniines the points // and /. which are the nnd-j)oinis 
uf !)(' and .1 II, \ espc c t i \ el\ . Simi lai U . A joined [a the sec on ( I \ an 
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ishing point doiciiiiiius A' as the mid point ol" A I), and C; as the 
niid-pojnt of JH./' 




""S'ou can use this .sanu* method to dftci nn'ne tfic foui th side of a 
rccranglc when you know three sides and the center. For example, 
AH and CD (Fig. lli) air iwo parallel lines of the same length; 

A C ^^ C A c M 




8 PBDG^fr P 

i- 14111C rj 1 jLjuif 1 I i-MU' 1 \ 

A i.s the nii<l pt)ini ol .//). Draw the llnee parallcj lines AC, EF, 
and HI), Ihc line .//-* will meet Bl) extended in point G (Fig. 
\:\) ; dcicrmines the position of litie GII, the fourtli side of the 
letian-^h* t»f which /'* is the (cmei H'^ig. 14)/' 

" 1 his s.une ielatif)nship liolds One in peispeeti\e and enables 
us to dtaw lo s(ah\ Diaw any veitiral line AH with mid-point E 
r>.. Hiaw the p.iialh l lines // f and Qn /J K lay off 

V 
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liD, the desired unit of length. Draw DC parallel to AB; CD in- 
tersects EV in F; AF intersects DV in G; draw GH parallel to AB, 
etc. Then BD DG = GJ JM, etc. Now, it you wish to draw 
the perspective oE a fence and have two posts placed, you can draw 
as many posts as you wish all correctly spaced." 

{Exercises. Draw a picture of railroad tracks with telegraph 
poles on either side. Draw the perspective of a checkerboard eight 
units on a side (a) using one vanishing point and (b) using two 
vanishing points.) 





Fi^iiie 16 



Fimiie 17 



"III plane geoinctr\ we spoke of a plane as a fiat surhu e. .Nou ui 
solid geometry we shall need a more prcci.se defmition expressed 
in mathematical language. Hence, a plane is a surface such that, 
if any two of its points are connected by a straight line, the line 
lies entirely in the surface. Since there is no limit to the size of a 
plane, it is imjiossible to show a complete {)lane in a drawing. It 
!.'> -customary to think of a i)lane as a rectangle which in a draw- 
ing becomes a trapezoid or a cpiadrilatei al. depending upon the 
(Hjsitioii of the vanishing point. M\ is a hori/.cmial plane (I'ig. 
!()) and AB, CE. EG. HI are liius in A/.V. CI-'.. FC'. aixl /// aie 
all perpciulicul.n lo .//{. OP is a veriii.il plane (Fi-. 17V" 

(Exrycisrs. Draw a light triangle in a liori/oiital plane; an 
isosceles triatii^le; an (•(juilateral tiiaii!;le. Draw two planes iiiter- 
seding in a hmi/onial liiu^: in a \enical liiie i 



The course iii.iy now puxeed in tin- (ustom.tiv tnannn wiih 
the imrodudoiy work on lines and planes. It' would l)e .i ^rave 
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error, however, to terminate all discussion of perspective at this 
point. Perspective drawing should be used throughout the course 
and further explanations of the drawing of prisms, pyramids, cyl- 
inders, and cones should be given as needed. 

Simple Models 

Models have been employed for many, many years, but they 
have not been used extensively in solid geometry because their 
value in the (le\elopment of the concept of space has been woe- 
fully undei estimated. In the early stages of a course in solid 
geometry, models are essential. Sets of little wooden models of 
geometrical solids arc available commercially but are too small 
for classroom demonstration; hence, homemade models as here 
described are usually to be preferred. 

The elemental y relationships of lines and planes are easily de- 
picted, as is shown in the following examples where definitiofis> 
postulates, and theorems concerning lines and planes are illus- 
trated by means of cardhoaid, wire, cork, and string. Tlie card- 
board should be (juiie heavv. or ihiti boards oi pieces of plywood 
could be Used. The wiic (ouhl \)C jneces of an old (U^lhes hanger. 




/ I ii;mc IS 

./ ^hdn^hi Imc infrr\r(f.\ a f^hnir i}i a poiyit, Tse a piece ol 
t aulbdaid In icpicscnt the plane and a piece of wile to represeiU 
ihe lilH' . It;, l.'^^ . 

p!(i>ir\ iyif( )M'( I iu fi shaii!^l}t lirw, (ait two piecc^s of eard- 
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board halfway thvough and place them K^gcther to form the inter- 
secting planes (Fig. H)) . 

Three planes may intersect in three fmrallel lines. Cut threq. 
pieces of cardboard halfway through and place them together to 
form the intersecting planes (Fig. 20). , 




I i.jii.c LM 



Three planes may intersect in a point. ]o\\\ three triangles as 
in Figure 22. AB — A I-'. Out out aiound the e(l'j,c, lea\itig- a lapel 
on AI-: Fold on AF, AE, and AC; paste the lapel on AB. 

If two straight lines do nut lie in the same plane, they are skew 
lines. Use four pieces of wiie and three corks (or modeling iKin). 
Figuie 2;? shows tuo skew lines jicrpcndicular to tuo iutei setting 
lines: . //•; i A I), CB i DB. 
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Each of three lirics may he f^i'rperidicula) to ihr other two. Use 
three pieces of wire and a covk. AH, Cli, and Dli arc mutually 
^perpendicular (FiL». lil). • 





l\(uli oj tlncc liUnirs nni) he jio Ix'udicular t,o tlir oilier two, 
r.NC jliu'c picics ()| i.iidho.iid c ur as shown in l'i'-»uu* -.^). 




All the pe) l)endkula)s to a Hue at a give)i l>oi)it lie i)V a plane 
perpendicular to the ^iven line, I'bc cardl)Oaid, coik,^aud several 
pieces of wiie. '1 he \criital line is ilic gi\Ln line; (jihcr wiics are 
perpendicular lo it. The coik holds ilie wire^ and is L^lued to the 
cardboard, which rcpU'^ents the i)hnic in wliich the i)cipcndicn- 
lars lie (Ki-. 



I;-uic; '1' 



A li)ie perpvndiiular to one of*fu'o pioallel planes is popen- 
dicular to the dtlirr, Tsc two pieces of cardho.nd and a (luariei- 
inch dowcK (.hie at the points of intci.siH tion . I* i-^. liT > . 
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1 * 

Ifjivo parallel planes arc intersected by a third plane, the lines 
of intersection are parallel Use. three pieces of cardboard cut 
halfway through, as shown in Figure 28, 




// a lirfc is^perpendicnlnr to each of lira intersecting lines, it is 
perpendicular to the plane of the txvo lines. A quarxer-inch dowel 
(or piece of wire) , a piece n'i licavy c ardhoard (or plywood) . and 




String arc the ii^aterials nerdfd, AB, the cardboard, represents the 
{)laiu:; M\\ the dowel, rcpic^rnis a line ptTj)endicular to the lines 
CK and drawn on ihc cardboard, ME -. - E\\ GM, fE\I, IM, 
GM, IL\\ and J\ air ^nintr (Fio-. 29). 

SrtUNf; MoDKLs 

h is lailicr »;rnrially assumed that after the iniioductory um't 
■n solid ^conu'tiy tlu* avci.i^e pupil should nerd no further as- 
>isia?u (* in ihr \ isu;iH/at ion (^1 ^pa^(^ r(*Kit!(jnshi[>s. Tint many of 
ihr (lifli{ n!i :< s whit li aiisr tan br u itctl dirctily lo the pupiTs 
inabibtv U) **scr * r!it' fimncs, I'or this r( asnn it is th'siiabic to 
tu.iNr some ijsc nl nu>(h*K ibi'Mr^^liMnt the ^(Ul!^r. 
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In units on^vPrisms, Cylinders, Pyramids, and Cones many theo- 
rems can be readily illustrated by means of string models. A brief 
suggested list of such theorems follows: 

(a) The sections of a prism made by parallel j)lanes cutting; 
all the lateral edj^es are conjrrucnt polygons. j.. 

(b) Tlie plane passed through two diagonally oppositij edges 
of a parallelepiped divides it inr.o two equal triangular 
prisnis. 

(c) Fvery section of a cylinder made by a plane passing through 
an element is a parallelojrram. 

(d) If a pyramid is cut by a plane j)aialU'l to the base, the sec- 
tion is similar to the base. 

(e) The \o]ume of a triangular pyramid is ecpial to one-third 

the pioduct of the altitude and the aiea of the base, 
('f) The intersection of a riglit circular cone and a plane is a 
* conic section. 

Kiguies, two parts of which lie in parallel pLines, are the easiest 
to represent as models, but more <'{>mple\ ones c:an be reproduced. 
()ne of the most \aluablc nuxieLN is the <uu' toi the tlu'nrfm. 
ohliqur fni.stn is equal to a rigJil fjris?n jcho.st^ base is a rij^ht sec- 
tion of [lie oblique fjristn and xrhose nltihide is equal fa a lateral 
^ed^e of the oblique prisn^, in which the base of the oVjlicjue prism 
is not parallel to thc^ base of the ri^ht pi ism. Pi'acticallv everv 
iheoiem and (f)r()llarv represeius a possibility for conversion into 
concietc* h)rm by means of wood and stiiiig. 

The materials needed for stiing mrulels are plvwood. one-(piar- 
ter of an inch thi'k and cut imo loot scpiares: dowels, ihrce- 
eighihs of an inc h in diameter an<I ( ut into foot lengths: balls of 
carpet warp ((;r thread) in several colors; threc**-(}uarter inch nails. 
The aveiaj^e < O.St j>er model is about eh'vcn cents, l'*i'j;«\c' 'M) show^ 
a model for theoiem (() wheie the {oiiic se{iion is a hvpeihol.i. 

'I*he ingenious teac:fier will (ind many wns to introduce this 
woik. One pc^ssiblc [)!ocedui would bt» a unit on Models to h)l- 
low the iniit on Lines and JManes. First, it would he lu'ccssaiy lo 
define polyhedron, prism, parallelepiped, pvrami<h c:ylinder. and 
rone, 'f'hese delinitiorrs would take on deeper uieaniuu if the 
solids wcic actually constiucted to meet the given qualifications. 
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For example, in the case of a j)arallclcpipcd, three pairs of con- 
gruent j)aralleh)i;ranis oF correct dimensions could be fastened 
toi^eiher by means of gunnncd labels; in the case of a cylinder, the 




l-igurc .no 



>()li(l could be i;eiu'ialed bvMoi.iiin^ a ie'( tangle and tlien con- 
strutted from .1 rectangle and two (■ir\le.s of correct dimensions., 
Second, as snuw as these (h^linil i( >ns weie undeistood. a list of 
iheorcnrs similar to the olu* above would be presented to the.ilas.s 
and each member wou-d 'Jior)>e a theoiem toi' which he wished 
to make a model, ihiid. l.aboi.iiMi\ .sheet No. I (see pai^e Tr")) 
t'cuild be (listMbuled and the diie(tions theie could be lollowed 
uruii the inodel wa^; complete. I lie ,h lual const i uc i ion mi^ht be 
made in the wc^odshop il ouc- weie ailable. but the woik is so 
Nuuple th It it con id be ( a) i ied in the mat heinal it s c lassroom. 
After Tb». laljoiatoiv uuit» the cMtiise uonhllollow its normal se* 
cpieiKc. the nuulels beiu^;. used lot classtootu dc-motistiations as 
th(^ con (Spf mdiui!; ilu-oic-tiis wcie siudieci. Aiioihei jjossible })io- 
cc'duie Would he to i^ive the puliminaiv insttuctious in class and 
tlien ha\ e the- modeU < on i pi- ted as an om ut s( IukjI pioject. 

C.\'U)K() AKi) Modi i s 

fu the pr(;of of the theoiciu. I hoc inr hi r tnul (ivr y fibu- 

lar (oyix'rx f>()l\li/-(h the pupil is told thai, because ihe siuii of 

/ 
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LA$C)RA'1()RV SllKLl* NO. I 

I. I'Rnju/r. 7u iunstuul a model ivliich will rclncsent correctly the gee* 
meirital relfitionsfu{)s of the given theorem. 

lu THiioRKM. Tlie plane pas.^ed Ahrough two diagonally opposite edges o{ a 

parallelepiped divides it into two equal triangular prisms, 
uu MATERIALS. 2 picc'cs of plywood, 12 in, by 12 in. 
4 dowels, in. in diameter. 
4 naiU; 1 2-inili nail. 

Glue. 

Carpet warp. ^ 
Hammer, 

IV. I'ROCKDfRI-S. 

A. Skclih in ihe space below ihe fi.t^iue fusi as it appears in tbe text, 
second, as it would appear fiom a pf)int 90'^ to the tight, and third, 
as it would appear from a point {K)^ to the left. 




l imine 1 I-ij^iiic 2 I'i^'ure 3 



H. l)i.iw below the ( onhi^in alion whidi appeai.s in the lower plane and 
in a platje, paiallel it) it. 




I I- UK* I ' 1 i^uie 



C. RrpiodiKC the two diawin';s of 1? on the two pieiX'S of plywood'. 
I). IMnf^ a tuoiuiu nail, niake holvs in the pUuood at one-half iiuh 

nuciv.tls !o in.tkc the ouilme ol rlie dtawinj^s of C 
I.. (*)u (M( h pn-fc ()[ plywood Nx.itc foui points ;it the (otnets. each 
onc-h.df imh fioin ilu edge. .Nail the foui dowtls to the pUwood in 
ihe sr lour posiiion.s. IMate a (hop ol gUu? on the end of each d(iwel 
bei<»ie <hi\ing the nail. 
1-. I.aie tat pet watp through tliU:4iolos and from the ufjper to the lower 
piete ol plvwood to fornf^he lateral fa( cs of the figure. Use a dif- 
(eti-nt toloj- of waip to leprescnt planes wliidi intetscct the figure. 
If a huge tunnber of threads inust pass thiough the same hole, thai 
hole will m tessaiily have to be enlaiged. 
V, (oNcitMoN. Make the netessarv uhmsui cments and perform such rahii 
lations as will help )ou to vcidy that your niodrl represeiUs the correct 
relationships. 
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the face angles of a polyhedral angle must be less than 360^, he 
must place together the vertices of three, four, or five equilateral 
iiiangles, three S(iuaies, or three regular peniagons. l*he poly- 
hedions loimed under these conditions are the tetrahedron, octa- 
hethon. icosahetlion. hexahedron, and dodecahedron, respectively. 
No regular polyhedron is j)Ossible with regular polygons of more 
than five sides as faces, because the sum of the face angles at each 
vcitex would be IW)' or nu)re. Here the lesson usually ends, hut 
it can j)roritably be carried nmch further. Lcu the pupil build 
these polvhe(ht)ns with regular polygons cut from cardboard and 
fastened together with stamp binges or giumned labels. For ex- 
ample, to build an octahedron, the pupil fastens together four 
e([uihueval triangles to form the fust j)oIyhedraI angle and then 
adds one tiiangle at a time so that at eadi vertex he has a poly- 
Iie(hal angle with four ()0-degrce fai e angles; finally he has a poly- 
Iiedion ^^illl eight faces. 

An Archimedean or semi-iegular j)oIyhedv{;n is a solid whose 
polyhedral angles are ecpial and whose fad'S aie coniposed of twf) 
or more different kinds of regular polygons, 'i iie puj)il can **dis- 
c(jver" these solids by experimentitig with e(juilateral triaijgJ^^Sr 
s([uaies, regular pentagons, atid other figures to- compute the 
ninnber needed for a vertex and then com^pleting the solid fig- 
uie. 'I he \aii()us p(js.sibilit ies aie gi\en in the table which fol- 
lows: 

ARCHIMI.DKAN rOLYHI DRONS 

A. l'i)l\li(ilu>iis \Kiih Uvo kiiuls of f.iKs aiul liihcdi.tl :ni.i;irs. 

/■;///s t}f larfi S'awr (if 

l'iil\hf''lt(il AnL:^h> Xintihrr of lani Vnl\}{,duni 

I. Two ILM)' angles. I our ic^ul.ir iu'xa^nns I four 'I'luncau-cl 

niu' bW :ini;Ic. ((juiiatcinl tiian^Irs. K nahcclroii 

*Ju») n.";'' angles. Six rcj;ular oc m.^miis |. cj^lit 'l iniHaied 

one r»0 ^ aiiulf. fcjuilalcral liian^it s. ( ubfe 

3 Tun lljO' aiii^Irs. Imi^Iu n-f^iii^ir luAai^niis 4- six 'rMiiuainl 

oiu* (nr ani;ic, .s(|iian*s. nttahcdrou 

4. Two llPanults. Twlvc rr^ular drtai^ons TnnuaWtl 

our TiO^ an.rjo. (u'rnt\ ('(|inlairial irian^^lr^. dfwict aiicdioti 

5. Two IL ' ani;lrs. 'I wchr iruniar fM niai^ons {• 'Iruiuatrd 
owe IDH'" anuic. t\scnt\ ic-ul.o Ii- n.i'^oiu if ()sahc<hnii 

{\ *I uo angles.. 1 luce* s(jnafrs 4 twf) r(juilal Ai ( liimcdcaii 

an^lt\ < i.d (lianj^lrs. prism 
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B. rolyhcdrom with two kiiuls of faces and tctraliedral angles. 

* 

7. Twt) 90^ angles^ Six sciuart-s f eight ccjuilal- Cuboctahcdron 
two (A)' angles. tial iiiangks. 

'I wL-hc s(|iiarcs + eight ecjiii- 
laieraTtriarigles, 
Twelve pentagfjns -j '*nty 
t(jiiilan ral triangles. 
'I wo tegular polygons wiili n 
sides and 2,n e(jnilaieral tri- 
angles. 



8. 'I lu ee W angles. 

one GU^ angle, 
y, 'I'wo lOS'' angles. 
(WO 60^ angles. 
10. Three fiO*' angles. 
ISO » (H *!) 



one 
angle. 



Small thonihicuh- 

octahedron 
Icosldodecahedron 

Ar<hiincdean 
prisiuatoid 



C. Talyhednnis widi two kiiul.s uf faces and pentaliedral angles. 

11. One angle, Six S(|uaies + thirty-two ecjui- Snub cube, 
four GO' angles. lateral tr iangles. 

12. One lUH^ angle. Twelve regular pentagons -f Snub dodecalndnjit 
four 60° angles. ^'igbtx ecjuilateial ui.nigUs. v.... 

'D, Pohhedrons widi tlnee kinds of faces and tiihedial angles. 



i:f One •)()* angle. 

(ine ILIO" aiij;le, 

one I ^v^i"* • an.i;le. 

11. One W angle. 

one 120° angle. 

one 114° angle. 

15. One 108^ angle, 

one 'HJ* atigle. 

oiu- hO'* anglf. 



Si\ regular octagons -f eii^ht Cireai rhotnbicuh. 
regular hexag(jtis + twelve (Jttahedron 
sijuaus. 

Twelve regular decagons 4- 
iWfiHv regular hexagotis + 

stpiares. ^ 
TwfKe rct^tdaf f)en!agons -u 
ihirtv s(juar('s twenty etjui- 
lateial tiiangles. 



Great ihombic osi- 
dodecahedron 

Sni.dl rhnmbicosi- 
dodec ahedion 



I. ft u.s sUj)p()se tliat a pupil elects to build a polyhedron whose 
i'au-.s are ccjuilaleral tiian<j,U\s and scpiares. Accordinj^ to the t*il)le, 
this will he a euhoc lahcdion, a stiiall i}u)nd)i(:ul)ortahcdr()n, or a 
sinil) enhc. I'lu* pupil (uts fioiii taidhoard a iiinnbcr of ccjui- 
lateral trianglrs atul scpiaifs, all with .sides of the sanie length/ 
,\e\T. usitiLj St. imp hinu;c^s. he fastens a caidhoaid scpiaie to each 
.side of a (aidhoaid triangle. Now he inav place either a scpiare 
or a lii.'inL^le to t-.ich \*cile\ of the oii^inal lii.tni;le and iii llu* 
.space* helwern the s<]uai es. If Iir ( boost s ^^pI.il es. be is on the wav 
to huildio'^^ a small ihoinhit uhoc lalu(li»»n. 1 h* (oiuitun s in ilu* 
.sanu* inaiioer. ic intMuhe) iiiLi* ibat ta(h vcirex is .t tettahedial aii'^le 
( oni posed I »1 [ hiee ^'H di ( .ni^^b s .nn ! < ui( t)U dc^i ct' .11: ;^!e. 

When the ptiMufboii is (nmputcd. ibi- [uipil mi. is (iii it .ip.nt. 
ru.nkin.; ea( b p.iir m| adjMiuiim sides "phis" .md "tninns" .ts he 
does so. r li iiiiaicK . i bi- poK in d i . )n (an 1 h spi i-.u! oiii as in 1* iL^ni e 

. 'I 'he pn I )i 1 iu)w b.i s a p.i 1 lein w ! ii' 11 < .i n hr \\svk\ in in.iki ng .1 
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solid caulbuaul inucIeK The fiisi jiiep is lo construct accurately the 
pattern on cardboardt using ruler and compass. White Rockton 
Index (1 lO'lh, basis) is a satisfactory grade of cardboard to use for 
this purpose. Lapels are drawn on the edges marked "minus/' The 
second step is to cut out the pattern and to fold it on each common 
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side ol adj.ic fill jjoK^oiis. "1 he ihiid sicp is to ^hu' ihc fii;ure to- 
L;t thn, oljtainiuL;. in this exfunph', a small i hoiiihit uhnctahedron 
I Fii;. IV2) . HfJUsrhohTc I'liu'iit lan be used as an adhesive. 

\\iri;uions of this polvhedron may be obtained by making j)yra- 
inids with u^ulai iiian;4ular or (juadrangidar bases and ghung 
iheni (f) tlir laces of the cuboetahedron. However, Ix^tter-looking 
sobdb are toiiiied if the hgure is built up with ecjuilateral tri- 



A ■ l.nho ra I o ry A j) p ran ch 



59 




Figure 33 



angles, ls(J^cL•lt•s uiangk\s, and sciuairs in the manner just dc- 
sc-ribcd. Figure 34 repvcsruis an original pattern created by a 
stndcnt who saw that ii was mniei essai y to huild the solid and that 
altetnate s<iuarcs in the pattern could be rcjilaccd by four isosceles 
triangles, liy studying the numbers which represent corresponding 
j)aits of ilie two solids (Figs. -U and 34) . the reader will he able to 
discover Ih)w the picK ess was carried out. Figure 33 shows the 
(ompleted model. In a similar manner one can obtain a star-like 
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polyhedron by replacing each square with four isosceles triangles 
and each ecjuilateral tiiangle with three isosceles triangles. Many 
unusual concave polyhedrons can be discovered by using semi- 
regular polyhedrons as a basis and replijcing faces with isosceles 
iriangies of ciifferent altitudes. 




Iiueiesling excrc ises iiiight be: What is the length of each rdge 
of rrguhir (or senH-ic^ular) polyhalujns so lhat they will have 
t-qual volumes? K(jual areas? How nianv axes of symmetry docs 
each p(^lvhrdtnn have? Ohlaiu tfie scini regular solids by cutting 
off the \eitices of the icgul.n solids, For the .semi ieijular [K.^ly- 
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hcdrons. verily Eiilci s ihcoi6tn that the 7iumber of jaces of any 
convex polyhrdmti, toi><'lhn u-iih the number of vertices, is two 
more than the niimhcr of 

Cflluloid Models 

It should be stated in advance that (;elluloir' is not easy to 
handle and that a eertain amount of practice in using it is nec- 
essary hel'ure satisfactory results can he obtained. Acetone (or nail 
polish remover which has an acetone base) is recommended as a 
substitute h)r an adhesive: Stoich tape can also be used to fasten 
edges tojreiher. I^ipels, which arc necessary for cardboard models, 
.ue optional in the case of celluloid models. 

I he abstract situation of inscribed and cu jumscrihed spheres 
is ve>y bard to visiiali/e and frequently results in tiie meaningless 
iiRMUorization of the defuiition by the pupils. To add reality to 
the representati(m of inscribed spheres, celluloid can be employed 
elffitively to make models in which polyhedrons, cones, or cyl- 
inders-' circumscribe spheres. Any kind of ball (preferably col- 
oied)- pin.'- pong ball, etmis ball, celluloid ball— can be used 
to ! epic-sent a splu-re. The following formulas give the relation- 
ships between the diameter of the inscribed sphere and an edge 
iir fUiuent wf the circumscribed solid. 
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Ihesupcriiii pupils < an In- U d todixoM t these relatiou.sliips and 
ihf axci.i.Lje pupils c.in theii t (;i leitness. 
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Laboratory Sheet No. 2 gives coniplete directions for making 
these celluloid models* 

LABORATORY SHEET NO. 2 

u PROJECT. To construct a model which will represent a cir- 
cumscribed about a sphere, 
lu materials; Celluloid 

Acetone 

Ball 

Calipers 

III. JPROCEDURES. 

A. Preparatioii. 

1. I'he fomiula for the diameter (d) of a sphere inscribed in a 
of edge a is . 

2. Solve this formula for a, 

3. Calculate ihe numerical coefficient of d: a zz d. 

B. Measure the diameter o£ the balL ^ 

First measurement: . 

Second measurement: . 

Third measurement: . 

Average diameter: ^— . 

C. Using the average diameter of B and the formula o£ A3, calculate 
the length of an edge of the required polyhedron. 

D. Construct a cardboard polyhedron having each edge the length cal- 
culated in C. Place the baU inside the polyhedron before the figure 
is completely closed. 

Does the polyhedron circumscribe the sphere? If it does not, check 
your work in A, B, and C. 

E. Repeat D, using celluloid instead of cardboard. 

IV. CONCLUSION. 

A. When is a' polyhedron said to be circumscribed about a sphere? 

B. Does your celluloid polyhedron meet these requirements; that is, is 
it circumscribed about the sphere? 

CONCLUSIO.X 

1 his laboiaiury approach to solid geometry has been so satis- 
factory that it has become an integial part of our course of study. 
It has been responsible for the high degree of achievement of sev- 
eral important aims of the course, namely: to acquire an under- 
standing of the spatial relationships which exist in the world about 
us, to l)ccome acquainted with spatial forms, to train the spatial 
imagination, and to obtain an analytical insight into our environ- 
ment. For the student, it has aroused a vital interest in the subject 
of solid geometry, and for the teacher, it has presented a challenge 
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to seek and to test new devices o\ a ttuilti sensovy c haracter which 
may he piofitahly iiu oi porated iuio an ever-gi owing course of 
study, 
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H. V. Baravalle • 

Gkometric drawing is a matlitniatical laboratory method to be 
compared with the laboratory work done in the natural' sciences. 
It stimulates mathematical inierest and serves as a basis for other 
mathematics courses. Besides the opportunities which it offers in 
connection with mathematics, geometric drawing helps to develop 
manual skill. Many techni(}ues are taught in the course. There is 
the handling of compasses, the drawing with triangles, the use of 
ruling pens and black 'ink, the application of color to both lines 
and areas, including shadow effects on solids and curved surfaces, 
and, finally, lettering. Through these techniques such artistic 
qualities as a sense of proportion when placing figures and script 
into a given space and skill in combining colors are developed. In 
referring to the script, it often happens that the handwriting of 
students improves as they develop their sense of form and propor- 
tion and skill in the use of their hands. 

Geometric drawing thus holds a middle position between the 
aoidemic work iii the school and the arts and crafts, and offers 
special opportunities within the general qducational tasks. It can 
be aj)pliccl in various forms to different school levels. Courses in 
geometric drawing have been given since 1920 in the Waldorf 
School, both in the Teachers Training College and throughout 
the Junior and Senior High School, and later in about a doxen 
Euvoj)can schools. In this country pioneer work with geometric 
drawing has been done, for the high school le el, mainly at the 
Edgewood School in Greenwich, Conn., and the High-Mowing 
School in Wilton, N. H., and for the college level at Adelphi Col- 
lege in Garden City, N. Y. 

An introduction of geometric drawing in the seventh grade can 
be based on the natural sense of form and regularity which is in- 
herent in the students, both boys and girls, at this age. The af)- 
preciation of the l)eauty in geomeiii{ designs predominates at 
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this U'^c over interest in s<icntiti(: problems^ Hiciofure the a{> 
j)vi)ai-Ii will Stan with the lej^ular forms. . * 

'I'he course iiviiodmes cciuihiteral triangles, squares, and regu- 
hir polv^ons. Tlic (oiisiuu tion-ol* regular j)olygons is cariied oiii 
bv dividiii'^ a ciude: iheiei\)i:e, aniong the first steps are the exer- 
cises lor dividing a eiicU inU) a given niunber of ecpial parts. The 
most natural division of a circle is the division into six arcs uliere 
the circle's own radius is used as measure to cut it. If oiie starts 
Willi a vertical and a liaii/onial diameter of circle and then 
cuts the circle with the radius lYoin any one ot the fom* chd points 
of the Hiatneteis to both sides, a circle* of twelve eipial arcs Is ob- 
tained. Afterwards straight lines can he drawn betvseen the points 
of division. In Figure 1 a twelve-sided star polygon is drawn by 
connecting every one of tlie twelve points on the circle with the 
lifili one following it. 'Ilie spaces between the various section? of 
the star polygon lines aie done alternately in black and white, but 
the students often use either water color or crayon to differentiate 
them. 

I'he fac e of a conipas.^ i ;in he diawn as a practical applicatio:^ <^f 
a star .polygon. This recpiires a division into sixteen parts instead 
of twelve. Tile division of a circle into sixteen parts mtroduccs 
the construi tioii of bisecting arches, for whicireiilier compasses, 
or strips of pa pel can be used. Staiting with the vortical and hori- 
zontal (li.uueicr.s of a circU\ the hiscction is first carried out with 
the four (juaiteis of ibe (inle inalNiiig eight p^nts. and the scNond 
bisection i(\sults in sixteen [)arts. .Afterwards every point is con- 
nected with every st veiiili lollowing it around the circle. A six- 
tifu sided star polvgoii is thus ohtained. rinally the filling in of 
ilH^-'biac k .ircvis ac ( eiituates ihe four nuTLifT regions. North. South. 
Fast, and West, and the .iiigles (A foitv five de^iees between them 
as shown in Fii^ure *J. 

II tile ivveniv four point.s of division around a circle are joined 
hv all ih«* lines that (an be di.uvn belween ihem, a geometric fig- 
ure is i^Muliut'd ;ts sho\Mi in l i'^uic \\iihin ;^ w cut v lour sided 
|>oiv^on. A number o^ (b.iwiiigs of this kind, up to sixtv-^sided 
|jf)!v '^f >n^. wit!) .ill fbjuuu.ik. \\A\r i tpi-.iU'd Iv been ni.idc by stu 
fit nts in liicii I'lc lime. 

Mam Mhhei i xck iM s c .1 n be cariied out with legular figures. 
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I limine \. Sr»ir«. of rn.m^Irs Dctnonstratirij^ the C'oi M'spoiul* 
i': I .|*. ii ticMi'i l»cf \\ ccfj Sides ..ru! .\ic;is 
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An cxainpk' is t;i\'cn in Figure* 4. It is begun with the outside 
ecjuilateral triangle. In this case the various ways of drawinj^ equi- 
lateral tii.ingles will be shown, one starting with the division of a 
circle into six equal parts, and then connecting every second point 
and skipping the inv .ediate points. A second way begins with 
the base of^the triangle and determines its top through the hi- 
tersecfion ufl two circular arches that have their centers in the 
end jMJints of the ba$e and their radii equaling the length of the 
base. A third construction uses a drawing-triangle with an angle 
of sixtv dcqi'reejj. 

Aftei the outside equilateral triangle has been completed, each 
side is [)isccted and the mid-points are'niutually coimected. Tliese 
connecting lines, form a smaller triangle inside the first one in 
re\erse {)()siti()n. Its sides are equal to one-half the, sides of the 
oi.uside triangle, while its area is one-{juarter -^tat of the first 
tiiangle. The pujcess is then repeated with the "^nner triangle, 
and thus a third triangle is formed inside the second one. Its 
sides arc \ {; of ~- \/^ of the first, and its area is \/^ of — Vnj 
of the first. 

This .succes.».jn of triangles can be carried further l)y always 
drawing another triangle inside the last one. These triangles stand 
alternately upright and reversed and represent a geometric pro- 
gression with tlie latio as to the sides and 1;^ as to the areas. 
It is characteristic that even in algebra, progressions of numbers 
with constant ratios are named geometric progressions. Drawing 
r)f ifu- kind (ie.sciibed will give the student understanding of tin's 
term. 

.\ fur thcr r\ani{>le of a geometric {)rogression is given in Figure 
in which twelve scpiares of the same size are arranged in liie 
fonn of a nng. I he corners at which two successive s(juares of the 
s.iiiic ling ujuih eadi other lie at ecjiial intervals along a ciicie. 
I I'c (iiauiug of the figure is started with this citck\ which is di- 
V. idcd into twriuy four [lans. At r\'(My second one of rhcsc l\vcnt\- ^ 
toiu points two adjoining s(ju;w'(*s conu.' together. Through the 
nfhci iiileinu'di.ile f'.\chc points i:ulii aie diawn and on theni tie 
f!:r oflu i' vertices o^'lfu' stjuaics f)oiniing outwaid and towaul tlie 
( cntci . Tli(Ac^V;Tf<?es aic dcicnninr-d nw their radii with the help 
< if dia::on.ds. i'irsr. in e.u h scpiaie ihei e is diawn tiie dia^cmal con 
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Fi^uie 5. Geometric Progression 



nccting the two points lying on the circle. Its mid-point is its in- 
terscction with a radius. By measuring the length of half the 
diagonal from the mid point outward and toward the center, one 
\ ohtains the outside and inside vertices of the scpiares. Between 
\ the inner vertices lies the next ring of scpiarcs. The circle which 
can be drawn through these points plays tiie same part for tlie 
second ring as the original circle does for tiie outer i ing of squares. 
Thus one ring of squares after another (an he added. 

When the drawing is completed, a numher of geometilc facts 
can l)c fliscovercd. If one imagines, for instance, the sides of any 
Mjuarc in any ring prolon^^ed, he sees that they lead into the sides 
of two other s({uares of the same ring. The extensions of the sides 
of these two scjuares also contain the sides of a fourth square. 
These four scjuares form the corners of a larger square. Thus 
c\<'iv \i\v^ of scju.ucs shows itself (oiupoH'd of X scjuares. 
These squares foim a twelve-sided stai poKgon, Furthermore, if 
one follows any side of a scpiare from the outer corner to the 
inner and then (ontinnes the movement alon.i; the adjf)ining 
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side ot the next sqiuuc, he makes the sucrcssi\e coineis reached 
in this way foiin a h^garithmic spiial. 'Iheie aie twciuy-foui 
Jogaiithmic spirals in the drawing. T\\q stucfents will also discover 
that the pattern of this geometric piogrcssion can be found in 
nature. A geoineu ic pattern of this kind is displayed by the middle 
part of a sunflower or, on a smaller scale, by daisies; logavitlnnic 
spirals are to he found in pine cones, in shells, aiul the like. 

Exercises of this kind will demonstrate that studies based on 
gecnnetric principles lead to manifestations which nature also 
j)nKiu(es. ^1 he student wiil no longei consider niaihematics iso- 
lated from natnie. bin as a part of it. 

In the eiglith inadc the stucient\s mind tends to be more real- 
istic. At this stage of his developnient it is therefore particularly 
valuable for him to exj)erience certain practical sides of geometry. 
Perspective diauing can be successfully introduced at this age. 
I his study often leads a kind of foster-c hild existence in school 
cunicula becaUbc perbpeclive is geneially affiliated with the aits, 
although it is essentially a geometiic: subjel^ It starts with basic 
constructions and opens possibilities for a variety of applications, 
i he f)eispe(tive seiies is an example. Its construction solves the 
pn)blem of hcjw to obtain })erspective drawings of objects placed 
at ecpial inrer\als and leading from the foreground into tlie dis- 
tance. 'I fie diminishing intervals illustrate perspective diminu- 
I'oirs, and the task of the construc tion is tcv apply these diminu- 
lions conec tly. The constiuc lion is f)ase(i upon thiee facts: First, 
ni perspecti\c pictures snai^ht lines appear as straight lines. 
Second, distant objcc w ww on, a reduced scale. By combining these 
iwcj facts the \anishin- ])oints aie obtained, i.e,. the poims to 
whic h p.o.ilk 1 hi ICS i (MUcige. The third is the fact that in perspec- 
ti\e drauiu-s tli.n .nc in a iionnal posiii{)ii \ertical liruvs remain 
\ ri ii( ai. 



Mu- construe (inn of j)rispc( (i\c se ries is shown in Figui-es 0 
' ^- ''^ I ronic (> IS diaurr a sii(((ssinn of fCjnicbM.am vertical 
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liiK's. I hrcv hori/onial linfs whidi (oinu't l ilioir lops, ilicir bases, 
and iluMr mid poims au* addrd. l-i»^uio 7. shnws the perspective 
drau iiii; ot ilu' saiiu- i (uiibiiiaiinii ol lines. V'wsi. the tvvn lorcMiiosi 
verticals can he (hoseii al the smaller one heinu; ctMisidercd 

farther, away rrf)ni the sju c iator. I he^snai.'^lit lines connecting 
the tops and the bases ol the veiliials -convei^c* to a vanishing 
point and so does the thiid hoii/(intal line (onnectin^^ the mid- 
points. 'I'hen ihe hist diai;onal tan be atlded bv connecting the 
top of the fiist \eiii(al uith the mid poiiu (A' the sccoiub Where 
this diagonal n aches the line loinietlinL; the l)ases. iheu* is the 
base of the third \ertieal. \vhi( h is deleiiuined bv this inierse< tion 
and can be drawn in the pi( luie. Now (he seu)nd diagonal can be 
added-l^v (onneeiing the top of the second vertical with the rnid<ile. 
of the'thiid one/and its inteiseciion with the base line furnislu'S 
the base of the h)nnh \eni( al. 1 hus the unistiuction can be eon- 
tinuetb 



J 




1 :i( ( : >i«si ! lu IP )n *»| j)^•l^pMll^e M-.iies imds lis a\ 'uatinn in 
u,jn\ d•.^^^lll.•^. II (.m .il^Nf) l»e .ijjpli((l hMii/oMia. ones. 1 W(» 
e\ani|iieN t»l u'ltK.d bn^s .nhi nm- (x.tmple inr. i/^'iital bnes 
.ne ^Iiow n in l i'^uies S. M. and 1^. 

I lie j'le-edinL; exeoi^es Use nnlv (ilic ;nishin'4 poMU. in the 
h)lh»win^ ex.niiples a set mm d vani'^lMn•^ p( unt is addrd. '1 he \ ainsh 
in.: j)"inis ^^\ h'Hi/Mnl.il bnes all be «'M rhr same ' pii:jpi( ti\ e 
linu/« )n." A \\ M - •!(■ ( 1 ! \ ( .iM bt (I* aw II « 'i; Ho •• ; an w i p!e i i . e II 
,sh(ius \ \\f ! M I spei ( i \ e \ ii w f ^Ta ( i ( N . nd oie dt a win.; is com posed 
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merely of verticals and two sets of horizontals, all converging, 

cither to the right or to die left, to two vanishirg points on the 
perspective horizon. 




Il^ulr II I'crsiKc live \ icw ('< )r'.st i IK led willi Two Winisluin; VuuMs 



A next stcf) k'a<is to the c (ni.stnu tion of roofs, an exercise which 
^iiitroduccs iiu.lined [jlancs. 'I here are mainly two kinds of roofs: 
rhe pointed loof and tlR\tial)le roof. The pcrspectivf construction 
of a j)c>inted luof is shown in Figure \2, It is carried out with the 
hclf) of diaiijonals indrawn at rf)ss the Ijase of the roof. For this pur- 
po«;c the invisil)le part of the house has if) he added, as indicated 
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into tuntaa with inatlu'inatical facts. A subject which is particu- 
laily well adapictl tor tliis purpose is the studv of curves* 

'I'here are iwo ways of drawing cuives, either through succes- 
sions of points or by means of tangents. Tangents offer greater ad- 
vantages for the beginner, because they form the curves directly 
without the (hawing g)f a curved line being necessary. Examples, 
for the stuciy of tuives through their tangents are given in the 
following figiues. I'lie fust shows tiie coiistnirtion of a parabola 
(Fig. 15) . The tiguie stalls uith the two oufei lii:es. each (jf whicli 



is dnidcd into c(|u.ii icri<;ihs. Tlu' points of division <ue then con- 
nected through sti lii^lu lines. 1 lie iu'jticst point on the left line is 
connected with the lowest p<Mnt on the n;;lit line. I hen the next 
high''st [)oirn on ihc kit is (onnct tcd with the next lowest on i\\q 
right. 'I lie sia i < ^sitiiis pnx eed on hfjth lines ni f)j)]>osire directions 
on one line downw.uds. on (lie oiliei upwal(l^. I lie <neas betw^x^n 
the sections ot tlu sc i otuun r Inn s .ne completed in a ( hecker- 
board nianiu t ahei n iteh m k and w hiic. I ollowing either the 
white (^r the M.n k .nc.is. fine tibt.nns tin ilu i p.n.il)olas besitlcs the 
one foniied bv die i.uigcnis. 

A stiinul.ninL; (ApenciKe \\\ die ictlni (^1 i^conutry is to apply 
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in the (ifiurc by means of dotted lines. The lunik of the roof lies 
vertically above the point of intersection of the diagonals. ^ 

The construction of a gable roof is shown in I-igure 13. Tin- 
gable roof lises to a ridge. It connects in different jva%.s the foiu 
walls of the building. Two of them rise up to gables, whereas the 
other two end in- hoi i/ontal lines. The peaks of the gables are 
verticallv al)0ve the middle points of their walls. Their construc- 
tion is therefoic again carried out with the help of diagonals 
which are drawn across the gable walls. The peaks of the gables 
in the perspe<'tivc drawing lie vertically above the intersection 
points of the diagonals. 

Finally, the studv of perspective can he extended to shadow 
constructioirs. An example is shown in Figure 14, After the draw- 
ing of the gate has been completed and the position of the sun 
rhoscn. the consti uction proceeds with tuo groups of lines. Fn-st. 
there are liiu-s connec ting various points of the gate with the 
position of the sun; second, there are connecting lines drawn 
U)ward the ground plan of the sun which lies vertically helow 
the sun on the pel spec live hoi i/on shown l)\ dotted hnes in the 
drawing. Tlie miersc-c l ions ol these dotted lines with those- cliawn 
to the sun furnish the .shadow poiiUs. 
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(litfficiit \v.i\.s to cuiisiiiui the saiiK* t uivc. In iMgurc 1(5 parabolas 
arc ohtaiiu'd iliu)Ugii tlu' iiiirrst'ctioii ol two ,scrifs of lines. 'I'liv 
first sciics (oiisisis of paiallel lioriAMital lines following one- an- 
other at e({iial (li.sianee.s, The second series consists of concentric 
circles int leasin-; their radii in eciiial steps. The areas between the 
varioirs sections of the lines aie aj;ain done alternately in lilack 




I.-.iM- \u i',n.ii)«il,is C.onsniKtcti with Su;ii^lu Lines ;mu1 



and ulnic, 1 «»llnu mi.; eiihei the blai k m- the white aua> IckU to 
p.nabol.is. I iic diawinu thus l);in^s toiih n^i otiK one parabola 
bin a (Miiijilrie u^n)!^) «>l tonhual j)aiaholas imncd upwauls and 
(low nwaids. 

A iliiid M >iisi! Hc : loll of jjaiabolas tolli^ws liie nu-lhod which 
(..ih!r.> iiNC d in his ni\i-.sii.:;.ili«)ii^ ^^\ (he laus ol !iee lalhni^ bodies. 
(l.dilcM^s iwo l.tws ale (h.il ihc disiaiuis (oviicd tioni the bc\<i;in- 
ni{)'4 ol the lall :mii.isc in the lalio ol sqiiaie ininibeij^ and that 
(he disi.jnccs lovcicd m si u c t'N^i \ e'^'^e^^wids ha\c the ratio of odd 
!!Mnil.c;s. IhcM' latios dcaciuiinc in'\j.a_;nie 17 ihe distances 
bciwrcti the !iMii/(.niaI liius. 1 hest- folhcsv one anothel in mter- 
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vals of 1; 3; 5; 7; 9 . . . units, and in heights of 1; 4; 9; 16; 25 
. . . fioin the top line. I he \LMti(al lines are drawn at ecjual 
distances from each otlier. \ \\e narrow inner parabolas take one 
vertical step combined with one horizontal step. The next wider 
parabola combines each vertical step with two horizontal steps. 
The widest outside parabolas take with every vertical^ step three 
steps sideways. The drawing; could he coniiuued in>flic same way. 




I'.ll.lh.illA (^^l|^lIln|^■li i>|, iIm' Rllli-s ; il 



I'UUhcr cxtrciM'S show altered tonditioiis in v.nious con 
^trnclion^ which biiUL^ about ceit.iin (haiiL^t^ in the cuives. In- 
^leid ol n.sin;; sn.ii<;ln hne.s and tii(h> as in l i'^ute Mi, the next 
li:;n! e^' ii^. \"^) is composed oi two ^loiips f)| coiKentiic ciic:Ks, 
1 I ad ii im lease in l)oih i;i on j»s ai an t (jU.i I t .iif, I he su( t ession 
■ ■t ci:!!ei a(l|oinin:; blatk or a(ijf)nnn'_j -Ahiir airis Uads in one 
tiiortjon {') elli[J^e^ and in llie oioci h v { k 1 1 )i )las. I In* (otaluy 
"! tiw^e eilijj>.ts and Ii\;uii).Mas :t)aisrn:s i ■atonj; ol (onhual 
i n 1 w. ^ . 

a I J- '1 I ill ( ::■ I inai h(!n il it a i 



I l.o 'n 



n I u n ! : 
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Iljlllf l'<. (. iMltnl.ll I-.lll])-C-s .nut H\lit.-ll)lll.lv 



lui.cTln.l.is. both bciii-' un ves of the saoiui oi(U:r. have c-ciuations 
i„ this \n^<^uun uhieh ilillrU'iit fioni oiic aiinihcr ninch 
thiou-li a Mii-4lc plus si-n (han^m- into a niiims si-n. Aiiothei 
(oiibiui. (ion uhith (lisi)hi\s pohiiity hctuccii rllipscs and hspi-i- 
bolas is >,lio\vn in I-i'^uu's I'l and 'JD. 

1 he (oiiMiiutions in t)oth these limne.-, stall with a ciicle anil a 
uivcn point. I li" onlv dilleieiue I wren tlu in i-. in the ta( t that 
••IV. n p"int in the tiisi . .im- Ik s iiiMdc the ( ii' le and. m the ■ . 
,,iid. ..iitMde. .Stl.ie4lu linrs .11 r di.iun 1 .idi it ilii;' tioni the p. -.i 
■ li,,scii, .md uheu- ihtsc lines iiUciseit the li.de, pel pcmlu id.ns 
.lie t-ic.K .l uivn them, 1 hese pel peiid;. ul.ii Inu s ioiui the t.tn 
-ems in the (.iK oi t!i( cllii-se .md in tin Mthd ol ihe h^pelbMl.^. 

'I'lie iMoie asjX 1 w.iu- . .m -am .'I 1 i,r s nnc < 1 o \ r. I'lr iii'M c- m 
ifU-st .md viialilN u :ll the MinU >'l -(■■)in< ti\ pi-dm ,■ \ ihiid \v.i\ 
..r (otistiui tiiii^ h\p<i i)i>l.is is sh;'\vii In '.mnit'.M 1 In w uisi 1 m 

..,,„ is licilU cd ll' thr piulC ii-.n ,.| \-A\n 1 L.^.-id Hid thus 
h'iids .11; iii'iii pl.in>' til -I'iid ■.;( "nu IM. 

To b(.!in Will;, ih> .im';. is ^i.'.idtd 1:11. • i ;i; \ I- .111 .on.d 
d: i-%mv. \ i 1 M, il , .-iiiK Mill ;i nr. iWi I iiiiies p. .mis ,1 

s( .di' 1 1 n! I •' ••• : I ;! ! ti i i 1; 
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horizontal diainctcr, *I his scale is tlicti tiansfcrrcd to hotli hori- 
zontal, lines of Fii2;urc I'he points of the scale are niniibercd 
accordiiii;' to the successive j.)oinis around the c ircle. Tlie numbers 
of the scale are directly transferred to the top line in Fi;^urc 22. 



I i 3 A :) 6 7 S 3 10 II 12-4) 




i/ « n 12 ?5 ^ 1 : 3 
lob li U II 10 9 3 7 D 



1 he points on thr hasc stale .i!s(j sIumv nuniheis. hut they aif 
tiansposed. In the biise sc.ile number J lies under mnnber \^ ol 
tlie U)\) sc ale. 2 under 10, 15 under 11,4 under 1 2. and so on. *I hen 
the points. with the >anie numbers aie (onnetlecb 'I'hest* connect- 
inn lines fonn the lani^ents ol a hspeibola, A \aiietv of dilleieni 
foinrs ot Ir.perbol.ts (an be obi.iiiied bv dilfeient trans])0^ition^ 
between the two s( ales. 

I-'urtlicr drawiin^s can be m.nlc to demonstrate different the-, 
orenrs. An example is shown in lii»uic 23. It deinonsi! ales in a 
succ ession ot hve steps the tiieoieiii ol P) thai;oias» 

In the IunI inst.nuc 'top Kit. die scju.ne ol the li\poieinrse 
b maikeil ni bl.K k. In ihc- se( (>n(l ([od ri<;hlj a tnan':j;Ie is added 
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on top of the black square and then an equal triangle is omitted 
at its base, lietw.cen the second anc| the tliird stage (middle left) 
^the foim u( ihe black arca'does not change; it is just moved up- 
ward until m base line is lifted to the height of its top. In the 
fourth step (middle right; the black area is split, Each of the iwo 
parts takes on ilic toriu of a parallelogram and is moved sideWays 
with its> bases and heights lelt unchanged; therefore it preserves 
its area. This motion can be continued until the black areas reach 
their last pliaso/tfnd become identical with the squares of the legs. 
1 his completes the derivation of the theorem of Pythagoras. It not 
i)nly deinonsiraies that the aiea ot the square on the hypotenuse 
equals the sum of the arras of the scpiarcs of the legs, but it shows 
the actual tiansioiniation, l lie same derivation can be extended 
from the i iglit triangle toi the oblique triangle. In this form it 
demonstrates the cosine lalv of trigonometry (Fig. 24). 

Tlie furtlier phuis for geometric drawing continue up to the 
senior grade of liigh school and include an intrbduction of the de- 
scriptive geometry of solids with both plane and curved surfaces, 
The methods used remain the same. Hie examples elaborate espe- 
cially on those facts which display geometric contents in their 
most complete form, for instance, the study of regular solids. The 
construction of geometric models by the student can complete this 
approach. In the' last years more specialized work which includes 
problems of pliysics (mc;:hanics and optics), of projective' geom- 
etry, and of architectural drawing is carried out by the students. 
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CURVE-STITCHING IN GEOMETRY 

Carol V. McCamman 

While using the mathematical library of Dr. Sophia H. Levy 
of the University of California, I .Vvas attracted by a little book 
entitled A Rhythmic Approach to Mathematics.^ Its numerous 
illustrations were designs, some simple, some intricate, many beau- 
tifully colored, but all composed of straight lines. I found that all 
of them had bfcen produced by a simple plan of stitching on 
cards, and that many had been worked by very young children. 
I iiuiuediately made some of the designs myself and was fasci- 
nated by the possibilities of the method. 

My enthusiasm for? these designs was shared by my geometry 
classes, and also by many others who saw them. The first year I 
took about twenty minutes of a class period to describe the method 
to my students, and showed them several of the designs I had 
made. This was all that was lequired to interest some of them 
in making their own designs. These designs, shown to the class, in 
turn aroused the interest of others. 

The next year, in order to have every student take part in the 
work, I spent a full class period in explaining the method and in 
analyzing several designs made by former students Each student 
was asked fo plan a design of his own, which he would later work 
out in colors of his own choice. Not only did most of the students 
have their plans the following day, but many had started stitching, 
and some brought in completed projects. Two class periods were 
long 'enough for everyone to gct'well started. Any further time 
needed was spent outside class. In many cases students made addi- 
tional designs, some of the more enthusiastic members producing 
as many as six or eight. 

T he method used in making these designs is described in A 
Rhythmic A pproach to Mathematics. This book.^ong out of print, 

> .Somt'ivcll, Ediih L. A Rhythmic Approach to Mathematics. George Philip 8c Son, 
Lid.. London, 1906. 
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was rt'producccl - in 1941 through the efforts and support of Mrs. 
VV. l\ Dunnner, of Cliicago, and interested teachers. In an Intro* 
chu tion lo the hook, Mrs. Mary F.verest Boole, the wife of the Eng- 
lish niatheniatu ian Geuigc Booh*, explains ihe way in which this 
method "of evoking the geometric instinct'' was developed on the 
basis of the ideas of Boole and of the French mathematician Bou- 
langer. 1 he purposes of curve-stitching, as stated by Mrs. Sumer- 
vel*, are to provide the child witli a. background of pleasurable 
•experiences before he begins the actual study of mathematics; to 
develop in him an awareness of the intimate relation between 
number, form, movement, and the process of thought; and to 
cMial)le him to translate, by means of his sense of relation, any of 
these into terms of any other. 

When curve-stitching is done by students of geometry, both the > 
methods and the aims are, of course, different from thcrSe fj>r 
yount^ children. However, the work in an important sense pro- 
vides a background of expertence for mathematics yet to be 
studied, particularly anah/?ic geometry and projective geometry. 
To many beginninjif students of anal\tic geometry, the concept of 
an envelope is abstract and mcaiiingless; curve-stitching consists, 
actually, in constructing such a curve by making stitches which 
are the tangents to it. 

I shall indicate bricHy how to make several of the basic ^curves, 
7^he parabohi is obtained by connecting equally spaced points in 
opposite directions an the sides of an angle (Fig. 1) . Stitches are 
made from A to A\ from li' to /i, from (; to C\ from D' to D, etc. 
In making this and similar curves, the following rules should be 
obsci vcd: 

(a) From the first hole on th*:^ lower side of the angle put the 
needle into the first hole on the other end of the upper 
side of the angle, 

(b) On the *wrong" side of Mie card, always put the needle into 
the next hole; put all Ki'ots and marks on this side. 

(c) On the "right" side, put the needle into the hole next to the 
beginning of the last long stitch. 

Many interesting designs are based on circles. For example, 

* rintui^'rapf\c<l aspics arc available at fif'y crnis L-.ich fiom Miss I-.. Clu'siman, 
1217 Kliiulalc Avenue, Ohicagn, Illinois. 
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draw two conccniiic circles and prick iluin so that the number of 
holes on the larger circle is twice the nuniher on the smaller circle 
(Fig. 2) . 1 hen stitch from A to A \ i» to /{. C to C\ D' to I), etc.. 





continuing to connect successivf^ points until every hole on the 
outeV circle has been used. To do this it will be necessary to go 
around the small circle twice. The curve obtained can be varied 
by changhig the ratio of the numbers of points on the two circles, 
and also by stitching clockwise on one circle and counterclockwise 
nn the other. 

An interesting design is obtained by 
working one-third of circle against its 
ladius (Fig. 3) . 

An almost enuless variety of designs can 
be produced. Young children, especially, 
will he interested in the ''curve of pursuit** 
(suggested by Mrs. Somervell), in which 
the stitches show the successive intentions 
of a dog as he ( hases a rabbit, while the 
curve obtained represents his ]iath. 
Stu{U nis u^iii^ (his method should he encouraged to originate 
ihcir owii (If.sii^ns and color schemes. As the author states, "VerbaV 
explanaiion.'. ot tiou to work the designs represented would have 
a (piiic faisc app< arance {)f beini; very complicated." It is relatively 
nil to c()pvd('siL;ns olliers liave made, but practice with needle 
and thread lui an hniu or so will enable anyone to sunt making his 
MWii designs. 

When I (nst bccaiuc interested in these designs. I wondered 
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whether, in geometry classes composed largely of boys, the work 
would be stigmatized as ''embroidery" and ''sissy/' I need not have 
worried*! Not once did anyone seriously suggest that curve-stitching 
was a feminine occupation. On the \vhole, the boys seemed lather 
more interested than ilie girls — perhaps because of the novelty 
— and produced designs which were more original and, in most 
cases, better executed than those of the girls. 

When the completed designs were exhibited, the students voted 
for their favorites. One of the best liked was a pale pink and blue 
design, very carefully worked, made by one of thc\ stalwarts of the 
football team. An intricate and lacy design was made by a boy 
noisvx-iii voice and manner, who ^ was so unfamiliar with sewing 
that He thought^lhe needle had to be tied to the end of the thread, 
A particularly striking design was made by a Chinese boy who 
at one time had been considered incapablctof taking the regular 
mathematics couiscs. His chief difTuuliy wa^^iis inabiluy to ex- 
press himself in a strange language. His design, carried out \\\ 
bright colors of fine silk thread, showed excellent workmanship 
and originality. 

I have found curve -stitching i valuable supplement to the regu- 
lar work in geometry. It requires only a small amount of class 
time. It makes the studbnts aware of geometric relationships and 
develops their interest in the geometric basis of design. -^Thcy 
seem to find real satisfaction in planning and making the designs. 
The iniorested and critical appraisal which the class makes of 
each new design is an incentive to good work, as is also the favor- 
able comment the designs receive when they are exhibited in the 
school hall. Some students wlio liave not been doing well in ge- 
ometry find in this work a new opj)ortunity to be successful and 
to earn the praise of their ciassmares. In many such cases, the 
increased interest in geometry seemed to carry over to subsequent 
work. 



WINDOW TRANSPARENCIES 

/. 4nna Tennyson 

Pupils enjoy making transparencies that simulate stained glass 
windows. This project maylbe the culmination of the construction 
work in intuitive geometryl 

A small preliminary design is made on white paper, All lines 
are doubled, as most of the -paper is to be cut away and only the 
narrow strips that outline t$e design are, to be left. Black cover 
paper, not too stiff, is cut tb fit the windowpane to be covered. 
The original design, enlarged to proper proportions, is constructed 
on the black paper. White or light colored pencils make construc- 
tion lines that are most easily seen. The paper between the narrow 
strips that represent the leaded seams in a stained glass window 
is cut away by means of a razor blade or small, sharp scissors. 

There is now left a sk.leton-like design. Thin paper of^various 
colors or colored cellophane is used to replace tlie cut-out paper. 
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To heighten the resemblance to stained ^lass« the paper may be 
oiled or dipped in melted paniffin before it is used* 

The finished transparencies are suggestive of mathematical 
forms and figures and create an atmosphere in which pupils are 
better able to enjoy and appreciate the role of, mathematics in 
the art of design. 

At Christmas stars and geometric Christmas trees used as basic 
figures in :hc design add a festive air to the classroom windpws. 



MArHEMAriCAL DEMONSTRATIONS AND 
■ EXHIBITS 

Fhillip S. Jones 

The variety of interested and appreciative comments elicited 
from both student and adult spectators at the annual demonstra- 
tion-exhibit." prepared for several years past by the mathematics 
department of The Edison Institute of Technology has led to the 
conclusion that more should be done about this method o£ in- 
creasing interest in and appreciation of mathematics. Scattered 
periodical articles* have lol i of occasional mathematical exhibits 
and the fun and pedagogical values derived from them. However, 
repeated expressions of surprise at the fact that mathematics had 
anything to exhibit outside of textbooks or a variei', of apparatus 
ready to supplement bl ickboard demonstrations proved that the- 
advice to "dramatize the role of mathematics in modern life" ^ was 
not only excellent and deserving of more attention, but needed 
to be carried out in more concrete ways than are used at.prescB^ 
It is the aim of this account of portions of past exhibits and ot 
the article on "Mathematical Apparatus" (pages 212-225) , to fociik 
more attention upon the values of dramatization and to offer a 
few practical suggestions which nny help teachers in starting such 
a program. 

These are the principles which have guided the construction 
and arrangement of our exhibits, (a) An exhibit mast gain and 
retain the interest of the viewer, (b) Hence, it must be geared 
to the level of an intelligent bu: non nuitheniatically trained stu- 
dent or adult, (c) It must not so cater to popular interest and 
lack of training that it makes mathematics seem trivial or a col- 
lection of puzzles, recreations, classical solved and unsolved prob- 
lems and paradoxes, (d) It must sustain interest in mathematics 
by pointing out that the subject is alive and "on the hoof" where 
it may be seen in daily life by any observer, ^nd by sliowing 

' Reference mimlKis 1 to 32 refer to notos al the eiul of this article. 
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its more obscure applications and r jlatjonships. (e) As a school 
demonstration, it should show largely the actual materials of daily 
class instruction, and, in this connection, should use the instru- 
ments and gadgets t n hand for classroom instruction, (f) Accom- 
panied by diagrams and direct explanation, it should demon- 
strate relationships conclusively and tell an interesting story where 
a similar but static display is ineffectual. 

With this last point in mind, each of the sections of these ex- 
• hibits has consisted of a table display of apparatus or models 
behind which stood a student to explain the mathematics of the 
section by using the apparatus and models plus a set of drawings 
and pictures tacked to a display board behind him. Thus each 
part of the demonstration was carried out tangibly by nioc'^ls, 
many of them movvble, audibly by the students* discussion, and 
.visually through diai^vams. Tlic organization of one exhibit was as 
follows. 



Skciion 1. I'm. Cosw. Skc;iu)ns and thk F.lmi'se (Fu;. \) 

On the table. String models oE the conic sections and ruled 
quadric surfaces (these were made in the school machine shop. 




Figure I. The Conic Sections and the Ellipse 
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but could easily be made from cereal boxes) ; drawing board and 
paper with two thumbtacks stuck in and a loose string tied around 
them ready to demonstrate the pin and string construction of an 
ellipse;' an elliptic trammel or ellipsograph." 

Pictorial display. Poster A listed the members of the conic fam- 
ily, explained their family name by mention of their historical 
origin in the study by the Greeks of the right-angled cone, and 
showed by diagrams of elliptic and parabolic orbits one of their- 
earliest applications at the hands of Kepler and Newton. * 

Poster B showed two exact drafting-room constructions for 
ellipses, one using concentric circles, the other being a projective 
or so<alled "parallelogram** construction.* 

The student. The student explained the nature of the conies .as 
shown by the string models and amplified briefly th,e outline of 
r.heir history and use. He then demonstrated the pin and string 
construction of the ellipse and the operatiion of the elliptic tram- 
mel, while explaining the frequency with which this curve is met 
in the drafting room. 

Section 2. The Ellipse and Parabola (Fig. 2) 

On the table. An elliptical **billiard board** made by a student 
in the school woodshop demonstralted the property of the ellipse 
of reflecting anything starting frori one focus back to the other 
focus, thus furnishing the principle underlying the construction 
of whispering galleries, such as that in the Capitol at Washington. 
D. C. Two focusing flashlights: in^ disassembled to show the 
re^flector and the movement of the bulb; the other used by the 
student to demonstrate the result vjf moving the bulb into or out 
of the focus of the parabola 

Pictorial display. Poster A contained a diagram of an ellipse 
showing several tangents and the focal radii to Uieir points of con- 
tact, also a picture from Life^ magazine showing an experiment 
with ah elliptical light reflector at the General Electric Ncla Park 
Laboratories. 

Poster B showed a projective or parallelogram construction for 
the parabola. Diagrams showed the use of the focal properties of 
the parabola in the spotlight and reflecting telescope. 

The student. The student demonstrated the elliptical billiard 
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Fiijuve 2. The Ellipse ami the Parabola 

i 



board and focusing flashlight as a part pf an explanation of the 
focal properties of the two curves and th;eir uses. 

Section 3. The Parabola, Catenary, Maxima and Minima 

(Fig. 3) 

On the table. Stoppered glass tube partly filled with a colored 
liquid and mounted so it could be rotated about vertical axi^. 
thus showing the parabolic shape of the surface of a rotated fluid 
and demonstrating a device which» when geared to the drivers 
and properly calibrated, served as a speedometer on sonic early 
trains, the speed being determined by the height to which the oil 
would rise.^ 

It has been suggested to the author that, if mercury were used 
as the liquid and a light source with nearly parallel rays located 
above, the focal property of the parabola could be detuonstrated 
and the variation in the location of the focus with a change in the 
shape of the parabola could be shown by varying the speed of 
rotation. In eitlier case, a warning is in order to start the apparatus 
at slow speed and with a small amount of liquid to make sure 
that the tube is perfectly centeied before proceeding. 
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I'lguie I'he Parubulu. Cuicnaiy. Muxiniu andvMinuua 

Al^o on the table were two pairs of ringstands of the same 
height, side by side, from which were suspended two cables- of 
the same length, one loaded horizontally to show a parabolic 
shape, the other a free-hanging catenoid cable. (To have this set 
up as accurately as possible, the "cables" should be flexible and 
the load suspended from the one should be large in, relation to 
the weight of the cable.) 

A soap solution and wire forms for demonstrating minimal sur- 
faces, and two tin cans, found in a grocery store, which had the 
same volume but different shapes and surface areas completed the 
array of apparatus. 

factorial display. Postei A showed a picture of the Detroit- 
Windsor Ambassador Bridge and of a high tension line. Poster B 
was a diagram for and solution of the problem of determining the 
dimensions necessary to give , the beam of maximum strength 
which can be cut from a given log. 

The student. The suident began his discussion by explaining 
wherein the rotating fluid demonstrated another occurrence of 
the curve which the spectator had met in the previous section. 
He then called attention to the parabolic: cables of the Detroit* 
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Windsor Ambassiulor lividge^ but emphasized Uiat free-hanging 
cables, such as liigh tension wires, are not parabolic: but catenoidah 
The catenary, he coniinued. is a curve with many interesting 
properties and uses in its own right; lor instance, it is the sail 
curve," as could be shown by iastening a handkerchief to parallel 
uprights and allowiiig a fan to blow on it; it likewise provides 
the bwsis lor computations made by surveyors in correcting for 
the sa^g in steel tapes and chains;" it hnds a place in architecture;'" 
and. as demonstrated by the soap solution and wire forms, it pro- 
vides the curve which, when rotated, traces out the surface of least 
area.whic li ( an be used to join parallel circular rings.^i The prob- 
U-in of "lost" ;nid "largest" incidentally, the student e>4^ined, 
(Kcuis in many phices in mathematics and its applications, wch as 
in deterniining the dimensions for the strongest beam that can be 
cut from a given log or in determining the dunensions for a tin 
can which will give the minimum area for a fixed volume. 

Si:t:rioN 4. Pi.ank anu Sphi-ricai. Trigonometry and Graphical 

Commutation (Fio. 4) 

On the table. A large model screw^ thread and a spherical 




liguic L I'laiiu aiitl Siihciitjl I i i-oii(.TIlcTV\ ami (.o.iiiliical Compulation 
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blackboard made in the school shops. On the blackboard were 
laid out the equator, the nieridiah of Greenwich, and the latitude 
and longitude lines for New Yorl^ and Paris; then in colored chalk 
were drawn the great nirde and tfie loxodrome joining the two 
cities. At the end of the table, for free distribution, was a pile of 
mimeographed "Graphical Computation Charts,*' nomograms on 
a single sheet for multiplication and division and for determining 
circumferences and areas of circles. 

Pictorial display. Poster A (not shown in Fig, 4) comprised a 
diagram and solution for determining the heUx angle of a U. S. 
Standard Form Thread; a diagram and solution of the spherical 
.triangle for the distance and bearing of Paris from New York. 
Poster B showed photostats of alignment charts for tension in and 
horsepower of' belts,^^ Poster C showed photostats of aerial naviga- 
tion computation charts.^^ 

7he student. The student first explained the solution of the 
screw thread problem by plane trigonometry, and Uien discussed 
the problem of geodesies,^** the contrast between great circle and 
rhumb line sailing, and the use of spherical" trigonometry in navi- 
gation. He then emphasized the usefulness of graphical lumputa- 
tion in industry and navigation and passed out the mimeographed 
nomograms, 

Section 5. Mechanical CoMruTAxioN — SLmE Rule (Fk;. 5) 




Figure 5. Mechanical Com{jutation-;-Slide Rule 
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cleinonstrator, a Guntci's scale, a circular, a polyphase duplex, 
and a log-log-trig slide rule, 

Pictorial display. A large claSsrocim demonstration slide rule. 

The studerit. The student dWussed the historical development 
of logarithmic scales from Napier and Gunter to the modern slide 
rule and demonstrated each device. 

SECTION 6. Mechanical Computation: Planimeter and Cal- 
culator (Fig. 6) 

On the table. A polar planimeter set upon a diagram con- 
structed from data of an experiment on hysteresis; an electric 
calculator. 




Figuie r>. Mechanical Computaiion: Planimeter and Calculator 



Pictorial display. A picture from Life magaz^e showed a pla- 
nimeter in use in deterininiiig areas of wood lots from ^i;rial 
photographs; graj)h and discussion of representation of work by 
an area, 

l^hr studrfil. The siiulent exj^laiiied and (leinonstrated the two 
machines and their uses. 
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Sl CllON 7. KaMOUS PROULI-MS AND RECREATIONS 

On the table. Angle trisector. made in the school machine shop, 
embodying the method of Archimedes; a rack of books labeled 
"Nfathematics Goes Best Seller." including the well-known biog-' 
niphies and populari/aiions of tiie last few years by Hell. Hogben. 
Kasner and Newman, several works on recreations and puzzles by 
liaJl, Heath, Steinhaus, and a little set of cardboard jigsaws cop> 
righted under the title "Geom(;iricks," then popular in the stores; 
and, finally, a pile of mimebgTaphed recreations, puzzles, and . 
games for free distribution. 

Pictorial dislday. The display comprised Poster A, ^'Solved 
Problems"- -the three famous Greek problems; Poster li, **Un- 
solved Problems" — Fermat's last theorem and the four-color prob- 
lem. 

llie sludetit. The student expjained the problems listed on the 
placards (diagrams were shown for trisection and the four-color 
problem) , demonstrated the angle tri.sector, and passed out minv 
eographcd material. 

The a[)pearance ot the i)lacards was improved by making them 
of unifonn si/e {22" \ L*S") with iiniloiiM borders, and by using 
India ink for all lettering and diagrams (red for construction 
.lines and 5>pccial diagrams) . 

^I'he greatest diilitulty with the student demonstrators was 
that when tiiey had worked out their display, made their placards, 
and studied ihe historical and theoretical background, they were 
not only prepared but very willing to talk too long. This danger 
was oveico.Tie by having iheni stick to a direct and concise expla- 
nation of thv-' materials on display. adtUng historical and other de- 
tails oni as needed to ans\\*er (juestions. 

ru(|i .>U'Mial)lv ilie sIikUmus wIm) uoiketl haul lo }>ut su'h ex 
hibits into opt'raiion had the greatest increase in mathematical 
knowUdi^t' and interest and also the most fun. However, the spec- 
tatois and fellow sindenis proliled through stimtilated interest in 
and addfd aj)prcc iaiion of the malh(^matic'al side of the world 
abom them, 

Kxhibiis of this type olien gain in (oheience and real teaching 
Vcducs if spectators can be routed thiough in deliniie order so that 
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the different sections can be planned as parts of a whole develop- 
ment of some general topic. If this is done, each student demon- 
strator should take care to point out the relationship of his sec- 
tion to those preceding and following as well as to the general 
theme of the exhibit. ^ 

» 

Si (ua Nil I) Topics iok Exhibits 

Several unifying topics which might be used as suggestions for 
either entire exhibits or sections of larger exhibits are briefly 
described l)elow. 

The conic srclious. To materials such as those discussed above 
might be added the following: a model of rolling ellipses or ellip- 
tic gears;*^ maps showing the occurrence of conic sections in map 
projections of the sphere, particularly 'the giiomonic or great 
circle sailiiVg charts;^*^ a spring gun, a water can with holes 
punched in the side, or a hose arrangement to show the parabola 
as the path of a projectile. Further uses of the focal property of the 
parabola in construction of auditoriums, directional micro- 
phones, heat reflectors, etc., could be diagrammed and explained.^'' 
Th^ derivation of all the conies as sections of a cone of light may 
be set up with apparatus as simple as a flashlight and a piece of 
cardhoard or be made as complex as one wishes. Conic com 
passes could be built and demonsti atedJ^ 

Computatioyi — graphic and mechanical methods, instruments. 
The material on nomograms, intersection charts, Napier's bones, 
Guntcr's scales, slide rules, calculators pictured and discussed in 
connection with Sections 4, 5, and ^6 could be amplified with 
demonstrations (^f the abacus, naxigational ( oinpuicis, some of 
which can be made inexpensively/-'" s[)ecial slide rules;-^ of aerial 
navigation problems solved by vector diagrams which could also 
be made more concrete to s{)ectat()rs by setting up triangles of 
force's with sj)ring balahces from the physics laboratory; of arith- 
' mctic short cuts and discussions of calculatim; prodigies;*- and . 
machines in advanced niathcmaiics (harmonic an;ily/ers. into- 
grators» tide calculators, etc.) . I hc use of the carpciucr's sciiiare, 
micrometers^ ellipsographs, aiul other measuring, drafting, and 
calculating tools might be aj)propi lately dcnionstiatcd in such an 
exhihit. 
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* Mechanics, mechanical moltons, and rnachines. A simple me- 
chanical apparatus can be built to draw a spiral of Archimedes^ 
and to show its use in uniform motion cams^ and centrifugal 
pumps."^ I'he limacon of Pascal ^ gives the shape of a simple har- 
monic motion cam which should also be related to the trigono- 
metric functions and wave motion. Rolling ellipses or elliptic gears 
have already been mentioned; rolling cones provide a method of 
obtaining a variety of speeds from uniformly rotatfng shafts. The 
involute of a circle^ may be traced by the unwinding^^of a string 
from a circle, and its importance and ctfmmon occurrence in the 
design of gear teeth pointed out. The locus of a point on a circle 
rolling on a straight line is a cycloid,^ a curve easily demonstrated' 
mechanically or constructed by methods of elementarycgeometry, 
\which has an interesting history, a modern use in gearing, and a 
]viace in theoretical mechanics as a tautochrone^ and a brachisto- 
chrone.'* There is a considerable amount of elementary trigonome- 
try in screw threads and gears, models of which may be maae of 
\wood or metal. Parabolic and catenoidal cables have been men- 
tioned previously; the shape of a beam or of its bending moment 
di^giam bent under some loadings is represented by a cubic or a 
parabolic curve. 

Thr. straight line^ The question of how to draw a straight line 
is related to the question of what a straight line is, and may be 
used to introduce a discussion ot logic and die philosophy of 
mathematics, as well as to introduce demonstrations of mechanical 
constructions using the Poaucellier inversor^^ and the hypocycloid 
traced l)y a point on a circle rolling on the inside of a second circle 
of twice the diameter, A variety of linkages giving both approxi- 
mate and exact parallel and straight-line motions have arisen from 
the needs of machine design, that of James Watt being of histori- 
cal interest/-* Straight-line geonietiv and proje(iive ( niistructions 
for curves using only straight line^ to locate points or draw tan- 
gents are found to be fun for students and of interest to spec- 
tators/-*^ Related to this topic also is the general problem of short- 
est distances or geodesies mentioned earlier and also that of the 
significance of a straight line on a map. This latter is of particular 
importance today. An explanation with a globe, several maps, and 
sets of computations of the straight line as representing a rhumb 
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line or constant hearing course on a Mercator map and as repre- 
senting a great circle on a gnomonic projection will attract inter- 
est. This leads natinaUy to, the topic ol map projection. ^ y 

Maf) projections. This topic would make an entire exhibit, 
with a discussion of the many |:lifferent types of maps, their his- 
tory, their adaptation to particular purposes, and popular miscon- 
ceptions traceable to them, with globes, drawings, maps, aerial 
photographs -and surveys, the instruments of geodetic surveying,/ 
and the nature of the dependence of navigation on maps.^^ 

Mathematics and the xvak-^ This topic suggests apparatus such 
as a spring gun and diagrams for demonstrating trajectories and 
j)roblenis in ballistics, range 'finding and gunneryr^ aerial photog „ 
raphy, navigation, and aeronautics. Probability and statistics play 
a part in war in a number of places, such as in ballistics and 
cryptanalysisr'^ and mij^ht warrant a separate exhibit. 

Probability and statistics. This exhibit can be made interesting 
through apparatus to show a mechanical construction of the prob- 
* ability curve by chance distribution of balls into cells; through 
the computation of n by experimentation,^*^ discussion of appli- 
cations in gambling, insurance, popular polls, football forecasts, 
theory of errors, ballistics, cryptanalysis. 

Wave motiou. This is the common characterisiic of so much in 
modern physics (and war) — sound, light, radio, hiiat, fluttering 
wings, and vibrating propellers — that a demofastration of the wide 



sis could hardly 
y the use of an 



variety of applications of trigonometric an 
fail to interest everyonc.^^ This can be done 
oscillooraph or pencils fastened to vibrating rocis V tuning forks, 
plus superimposed graphs of corresponding/^ fundamental sine 
waves and harmonics. Simple harmonic tjtotion apparatus dis- 
cussed in another paper (see page 220) could be adapted to draw- 
ing sine waves. An interesting series of rekationships is demon- 
strated by wraj)ping a paper around a candle, cutting the cylinder 
at an angle to show an elliptic section, and then unwrapping the 
naper to show a sine wave/*^- 

Every reader will undoubtedly be able to add to those listed 
briefly above tnanv su;^gestions for tlie dramatization of mathe- 
matics. .\ skimming of the recent popularizations of mathematics 
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by Hogben, Kasner and Newman, and Bakst as cited in the notes 
v/ill suggest other opportunities for dramatization. All that re- 
mains is to take action. Try iti It*s funl 
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3. These items of apparatus are more fully pictured ami discussed in the 
article "Matlieniatic al Apparatus," pp., 212 to 225. 

4. Any engineering drawing textbook, such as French, T. K., A Manual of 
Enf^ineering Drawing (McGraw-Hill, New York, 1941), and many hand- 
books will give both approximate and exact construct ions for the conit 
sections and other useful curves. These are within the range of high 
school and junior high school geometry students and combine practice in 
the use of instruments with the fun of seeing an old, important, and use- 
ful (urvf ^row jioiiit by point (oi t.uij^nit by langfiit) under otu-'.s h.uuls. 

For coiistrut tir)ns of j)arahr>his. set' ;iK() WolfF. Georg. "The Malliemati- 
tal Collection. " The Eighth Yearbook of the National Council of Teach- 
ers of Mathematics, 1933. pp. 220. 221. 
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5. "Light Coiitrol Deuioastiuior Shows How Umiscs and RcUctiors Work," 
Life. Vol. 8. p. 72, March 11, 1940. 

6. Osgood. W. I'., Mechanics (Macmillan Co.. 1937). p. 105. derives the dif. 
ferentiul equation for this curv^j and iclls of the early use on locomotives. 
See also ^Vol^r. Georg. op. cit,, p. 223. 

7. A particularly interesting, popularized discussion by Harold J. Fitzgerald 
of some of the mathematical problems connected with the Golden Gate 
Bridge is to be found under the title "All Figured Out," in The Lion's 
Mouth section of Harper's Magazine, October 1936, p. 551. 

For a technical discussion of loaded and free hanging Cables, see Seeley, 
F. B. and Ensign, N. E.. Analytical Mechanics for Engineers (Wiley, 
11)33), pp. 93-90. or any other textbook in applied mechanics. 

8. EmydoptViUa liiitanrucn, l llh Edition, -Curves. Special." Many interest- 
ing 'items on a Uirge number of curves are scattered throughout this 
article, 

9. Huntington, F. V., Handbook of Mathematics for Engineers, p. 150. Mc- 
Graw-Hill Book Co.. 1934. 

10. Wollf. Gcor-^. -.Maihouiaiiis as Related to Other Great Fields of Knowl- 
edge;** Th^ IJcvtnith Ytwhook of the iXational Council of Teachers of 
Mathematics, 193G. p. 207. 

1 1. Fur the catenary as a niiniinul surface, see Bliss. G. A.. Cakalus of Varia- 
Hons (Open Clourt. 1925). pp. 85 11.; also Courant. R.. "Soap Film Experi- 
nicnis with Mininuil Surfaces." American Mathematical Monthly, Vol. 
-17. p. 1(37, March 1910; Sieinhaus. \ {,, Mathematiail Snapshots (Stechert). 
p. 107. 

Other referen(es on minimal surfaces are: Douglas. J., "The Probiem 
of Plateau/' Scripta Mathematica, Vol. 5. p. 159. July 1938; "Soap Films 
Automatically Solve Problems in Higher Mathematics." Life, Vol. 12, p. 
118. March 16, 1942. 

12. 'Ihesc photostats weie from Lipka, j., (Graphical and Mechanical Compu- 
tation (Wiley. 1918). an excellent eUnientary reference on nomography. 
.See aUo arllLle on "Nomoi^raphs in lli^^h School Mathcniaiic s'* in this 
yearbook. A \cry nice, lliough coniplicaled. nomographic chart for ele- 
mentary vonipuiation as well as the (juaclraiic ecjuaiion is pictured in an 
.niide \)) L R. Torcl. '*.\n .Mi.^nnu iu Chail (or the (Quadratic Fcjuatipn.*" 
Amerunn MnthcvuUitnl Monthly, \*ol. 46. p. 508. October 1939. 
'Ilu'sc (harts weic from I.yon. *Fholnirn C. "^'ractical Air Navigation." 
Civil Ar)ofiautus liullrtin. No. 21. 19-10. pp. 147. 152. 

II Kastur% i:. and Newman, j.. Mathematics and the imagination (Simon 
aiul SduisKT. 1910). p. 116. gives a good popularized discussion of the 
,i;tncral prohlnn of geodesies and adds (p. 181) a hit of fun interest with 
its spider and ll\ problems, as does also Rail. \V'.- \V. R., Mathematical 
Jit'ftt'dtions and iwsays (Macmillan. 1940), p. 118. 

1j. a tran^l.ltion of Napier's own description of his bones or rods is given 
in Siniili. 1). t., A Source IU>ak in Mathematics (McGraw-Hill. 1929), 
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p. 182; Baksi, A., Mathematics, Its Magic and Masfery (Van Nostrand, 
1941), p. llTi In the same chapter are also discussions of the abacus and 
other computing devices as well as arithmetic short-cuts. 

16. Bradley, A. D.. Mathematics of Map Projections and Navigation, pp. 24 If. 
YodtT Instiuiuvnts, 1938. 

17. Karpinski, L. C, Benedict, H. V., Calhoun, J. W., Unified Mathematics 
(D. C. Heaih, 1922),- Chap. XXII, presents many applications of conic 
sections. 

18. liurlburt, Everett H., "A Simple Optical Device for Demonstrating the 
Conic Sections," School Science arid Mathematics, Vol. 41, p. 828, Decem- 
ber 1941. Tells of an interesting spectator-operated device, wherein the 
guest picks his curvf^, pushes the button, and the device does the rest. 

19. Lof, J. L. C, "The Conic Compass," School Science and Mathematics, 
Vol. 38, p. 84?. November 1938. 

20. A cardboard and celluloid ''computer" ready to be cut out and assembled 
comes with Lyons, T. C, Practical Air 'Navigation, This computet consists 
of a circular slide rule with special markings and an arrangement of cir- 
cular grids giving graphical solutions for vector triangle problems involv- 
ing air speed, wind velocity, course, and ground speed* 

21. Disercns, R. S., "Special Slide Rules," Product Engineering, June 1P42. 
pp, 340 fT. 1 his. article includes helpful hints on construction as well as 
pictures and a bibliography. Also Mackey, C. O., Graphic Solutions 
(Wiley. H)3t)), Chap. II. p. 8, ihc theory of .slide rules. Davis, O. S.. £m- 
pirical Formulas and tomography (McGraw-Hill, 1943). pp. 147 ff. 

22. Ball, W. W. R., Mathematical Recreations and Essays, Chap. XIII, pp. 
350 ff. Macuiillan Co., 1940. 

Ii3. Stciiihaus, op, cit,, \>, 37. Also Vatcs, R. C., Tools (Louisiana State Uni- 
\cisiiy, ScLtioti I.iiieMotion linkages, pp. 82 ff, 

24. Keown, R. M. and Faircs, V. M., Mechanism, pp. II ff. McGraw-Hill 
Hook Co., 1939. -^n 

25. See tt'\ts in piojcdive gcuinciry, French, op, ctt,: Vatcs, op, cit,; **Harvard 
rnivcisity vSophoniore Makes Line Drawings," Life, March 18, 1940, p. 43. 

LH). Hr.ulh-\. A. I)., of), cit. Also, by the same author. "Gnonionic Projection of 
the Sphere," Amcruan Mathematical Monthly, Vol. 47, p. 694, December 
1910. Dcctz, C. H. and Adams, O. S.. "Elements of Map Projections." De* 
fxtumcnt of Commerce, Coast and Geodetic Survey Special Bulletin, No. 
68. 19J8. ^'Maps," Life, 13:5, pp. 57 (i, Au-ust 3c 19 !2. Stcinhaus. II.. 
op, tit,, \)p, 94 fF. Uauer, II, A., Globes, Muf^s, and Skyways, Macmillan 
Co.. 191U. 

27. 'Ihe general relationship of mathematics to the war should become 
f.uTiiliar to students working on such an exhibit through reading Morse, 
M. and Hart, W., "Mathematics in the Defense Program," American 
Mathcjnalical Monthly, Vol. 48. p. 293. May 1941, or the Mathematics 
Teacher, Vol. 34. p. 195, May 1941, and other related articles, particularly 
those in tlic May and iNoveniher 1911 ,\Iaihrtnatics Teacher (Iho. Brown 
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Univeijity Cenier for graduate siudy in applied iiuithematics in dcfcni^. 
is discussed on pages 238 and 330 respectively of these two Issues). Se^ 
also: l?niled Siaies M liiary Academy, Some Militmy Applications of Ele-l 
mentary Maihe^uitics. 1912, An interesiing mimeographed collection with \ 
diagrams and some aerial photographs. \ 

28. ''Field Arlil!ery-~Hovv lo Fire a 75 mm. Gun." lAje, Vol 10, p. G4. Febru. 
nry 10. 1941. Thomas. J. M., Elevwulary Mathematics in AHiUny lire, r 
McGraw-Hill hook Co.. 1941. Levy, S. H., Irtroductory Artillery Mathe-^'^ 
fnaiioi and Antiaircraft Mathematics, I'niversily of California Press, 1943. : 

29. Rail, W, \V. R., Mathematical Recreations and Essays, Chap. XIV, pp. \ 
379 ff. Macmillan Co., 1940. Mendelsohn, C. J., "Cardan on Cryptog- • 
raphy." Scripta Mathematical, Vo\/6, p. 157, October 1939. 

30. Interesting and suggesti\ir popularized di.scussions of probability may be 
found as follows: Baksl, A., op, dt„ pp. 329 ff.-the computation of tt by 
chance is discussed on p. 35,0. Hogben, L., Mathematics for the Million 
(Norton, 1937), Chap. XII. pp. 571 tf. Kasner, E. and^wman, J.. Mathe- 
matics and the Imagination (Simon and Schuster. /l940), pp. 223 ff, 

31. Karpinski. Benedict, Calhoun, op. cit,. Chap. XXVI, p. 407. 

32. Karpinski. Benedict, Calhoun, op, cit„ p. 419. Steinhaus, H., op, cit„ p. 59. 




EAST HIGH SCHOOL. VITALIZES MATHEMATICS 



H. W. Charlesworth 

For a number of years East High School of Denver has been hold- 
ing a mathematics exhibit. These annual events have become 
quite spectacular, each year growing in importance as well as in 
size. The Fourth Annual Mathematics Exhibit of April 8 to 11, 
1942, filled the entire floor ipace of the boys' gymnasium, which 
was attractively decorated in red, white, and b^ue. Since these 
exhibits were open during school hours and at least two evenings, 
they were seen by the entire student body and visited by several 
luindred patrons and out-of-town teachers and their pupils. A 
visitor to one of these exhibits could easily imagine himself to be 
at a world's fair. 

Sponsorship of the Exhibits 

The exhibits were started and are still sponsored by the Eu- 
clidian Club, the mathematics club of the school. Because this 
club wished to give mathematics the prominence it deserves in a 
niodcM-n hiyh school, the exhibit \vas chosen as one means of show- 
inu; the value and importance of mathematics in modern life. It 
has proved to be more than was hoped for. Now it is listed in the 
student handbook as one of tlie traditicms of the school. 

riicse exhibits rc(juire a great dtal of platmiug and work on 
the part of teachers and pupils, l liey are a cooperative school 
endeavor. Any pu{)il, group of pupils, class or club may enter a 
project, serve on connnittees, or help in some \vay. Tlie real suc- 
cess of the exhibit depends upon student participation. More than 
three huiidied pupils shared in some way in making the exhibit 
of 

The exhibits are financed by the sale of souvenir pencils and 
magic slates and by money donations from the various school 
organi/alioiis and clubs. The exhibit in 1042 cost approximated 
.SlV>0. 

104 





M.MhriJKirici :inil I i-^hl— A V.iM f)f FAluhil ot) Nf.uhcMti.Uics and rinsical 
Smcikc. Booth Prcp.ucd 1)\ Four iio\b 



106 Eighteenth Yearbook 

The Display ' 

The exhibit is the result of pupil study and research. The one 
stipulation is that the exhibit must show the applications of 
mathematics. Il must not be a display of classroom work or a 
collection of papers or notebooks. Pupils work up a project for 
the exhibit, alone or in a group. Although actual work is done 
outside class time, it is expected that many projects will originate 
in the classroom work. 

The project may be worked out in any field, provided that the 
purpose is to show the use of mathematics. The project may be 
original or not. It may be the result of a hobby, provided, of 
course, that it gives prominence to the use of mathematics. It is 
expected that pupils work with the advice and help of teachers 
and others. 

The results of the project must be colorful and displayed at- 
tractively, and must be accompanied by appropriate posters and 
explanatory materials. Much freedom is allowed in this display, 
'and pupils are encouraged to decorate the exhibit space allotted 
to them. A group project, one involving five or more pupils, a 
class or a club, is given an exhibit space of at least eight feet by 
ten feet. 

The cooperation of local business and industrial concerns is 
encouraged, provided no advertising as such is done. Pupils who 
get help from community organizatrons are expected to study and 
work out the problem for themselves. We want it to be an educa- 
tive process. The cooperation of out-of-school groups has been 
very satisfactory and has proved to be a great help in relating 
school and coninmnity in mutually beneficial ways. 

Theme and Decorations 

Kvciy aiiiuial exhibit has a theme. Two recent ones have been 
".Mathematics — A Universal Language** and "Mathematics in the 
World of Tomorrow.'* We symbolize the theme by a large central 
exhibit piece, usually a composite geometric solid occupying floor 
space of about twelve feet by twelve feet and standing from four- 
teen to twenty feet high. In 1942 we constructed a stellated 
icosahedron about thirteen feet in width; this was suspended from 
the ceiling and made to revolve, apparently revolving on the apex 
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of a square pyramid. This piece was done in red, white, and blue 
to conform to the general scheme of decoration, as were also the 
hooths and other exhibit units. ^Significant wording was printed 
on the four lateral faces of the pyramid. 

Values Derivi-.o iro.m the Exhibits 

The v^u^ originally set have been realized, many of them far 
bcyontlcxpcctations. Wc are learning how 'to bring about and 
develop other values, some of which arc not obvious and are slow 
in development. These annual exhibits bring our mathematics 
department into close contact with other departments of the 
school, which cooperate in a very fine way. 'I'iie cxiiibiis have also 
helped to improve community and school relationships. 

Despite certain curricula changes that have tended to dis- 
courage the election of mathematics courses, the subject has more 
than held its own in ouf school. We believe tliat these exhibits 
have helped greatly. The values to the participants cannot be 
measured, but we arc confident that they far exceed the actual 
• cost. It is true that the exhibits mean a great deal of work, but 
we heartily reconnnend them to any school desirous of keeping 
mathcTuatics in its j)r()per place of prominence in a modern high 
school. 

RkCDRDI.NG I HE EXHiHl T' 

Kach year we print a mimcograj)hed booklet which tells how we 
plan and conduct our exhibits. It gives brief descri »tions of several 
typical piojec's and lists many otheis. (Sii]){)ly exl ausled.) 

We made movies of the 1()*10 and ][)V2 exhibits. The latter 
was a student j)r()ject from beginning to end, constituting one of 
the major projects of the exhibit. The group of stlidents who made 
the movie were allowed twenty-five dollars for the entire job, and 
they did it for slightly less. Nine hundred feet of film were ex- 
posed, about five hundred feet of which were retained. It is a good 
picture, a in-mni silent film accompanied by a tyj)cd narrative. 
'l\m hlni, M(ithrmati( s in thr ]V())l(l of 'ioworroxo , will be lent 
for the c ost oi trans])f)i tation both ways. 1 he mimeograj)hcd 
booklet, t()L;eilier with the narraterl film, gives cpiite a complete 
story of our annual exhibits 



EMPLOYING VISUAL AIDS lO TEACH l.OCVS 
IN PLANE GEOMEl^RY 

Edna Hitchcock Young 

The topic "lotus"" is truly a difTicult one in the teaching of plane 
geometry. No clouht many teachers and students have emerged 
ftom such a unit both discouraged and confused. 

The usual delinition, "A locus is the path of a point which 
moves so that it always satisfies a given geometric condition," is 
itself meaningless to the majority of students. Up to this point in 
the course each figure in geometry has been static; then suddenly a 
concept of n^otion is introduced. To add further to his bewilder- 
ment the student is expected to be able to prove that every poini 
on a specific locus satisfies the given condition and either that 
every point which docs satisfy the condition is on the locus or 
that any point not on the locus cannot satisfy the condition. After 
completing the work on locus, both teacher and student experience 
a mental jolt when they view the results of a simple test on per- 
haps only the fundamentals of locus. It is safe to predict that the 
resulting figures will range from circles and parallel lines to cv- 
cloids and rectangles and even some iiulescribal)le figures— to .s;u 
nothing of the accompanying proof, if the student has enough 
mental fortitude to attempt one. 

It is a natural temptation to omit the unit cntirelv or to skim 
over it superficially, thereby reducing its demorali/ing effects to a 
miniinum. Vet the unit on locu.-. is a l)ii(l'^e between tlu- studs 
of the theories of geonu'tiN -nul ;(Kir practical application in the 
fields of uu'chanics, < onstructiou, navigation, and analytic geom- 
etry. It is also valuable as a conipn-lu-nsive review of the relation 
of many geometi ic fac ts to eac h other. 

It was a di-termiuaiion to preserve the study of Incjis that grew 
into an experience most satisfying to me. In the sj)riug of IMfi, 
a neophvte teac lu-r. I was gieeted by a ( l.iss of some thirty students 
who had been weedi-d from the (lasses of ihiee otlier teachers in 
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an attoinpi to reduce excessive teaching loads. I would not have 
adniitted it then, but I will now— I was panic-stricken and there- 
fore I clung fumly to the text. Things began to run smoothly to- 
ward tlie end of the unit on circles, but I hate to recall the subse- 
quent \\'0\k on locus — it exhausted me and 'Tmished** that class 
so far as enjoyment of geometry was csmccrned. No matter how 
much I tried, could not recapture their interest. 

By fall I had recovered from my case of '^locophobia** and re- 
turned to school resolved to oust this dread disease from the class- 
room. With the very fust constructions, such as angle bisectors 
and perpendicular bisectors, the term 'Uocus" was introduced, this 
time with emphasis on its derivation from the Latin word mean- 
ing **place." '*\\ here are some points which are each equidistant 
from two fixed points A and /i?" I asked. After marking several 
such points with compasses, the students discovered that the 
'*place'* or the "locus" of all of them was the perpendicular bisector 
of Ali, It was quite obvious to them that any point on this per- 
pendicular bisector was equidistant from A and B, and that every 
point elsewhere \vas nearer to either A or J5. This procedure of 
talking about locus was injected into every construction problem 
from the l)eginning of our study, so that with the arrival of the 
unit on locus the term itself was nothing new. 

To launch the unit with enthusiasm and to introduce the con- 
cept o^ motion, wc tried to visualize the path of the center of 
an automobile wheel as it rolled along the street. This was not 
(Ufhcult, but t}ie path ()f a point on the circumference of the sarne 
wheel proved more .siinuilaiing» Heated arguments followed; some 
students thought the locus would be a straight line parallel to the 
surface ot* the road; others suggestt^d thai it would be a circle; still 
others imagined a series of loo{)S like an old-fashioned [lenmanship 
exeicise. Fven after tluy had gone home and (observed actual 
wheels in motion and cxpei inu'Utcd with their mother's chinaware 
and pantry ocjuipment, tlicre was still a difference t)f ojnnion. 
Finally one eniei prising lad — I wish I could recall liis name, for 
I am greatly indebted to him — conceived the idea of bringing a 
model into the classroom to terminate the controversy. Me made 
one of a wooden wheel, with a radius of al)out {our inches, which 
lolled along a stiaikjht track. Uy inserting a pencil near the circle, 
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he actually traced a cycloid on a board mounted behind the re- 
volving wheel. This model, although cnide, was convincing. 

The discussion of the locus of the center of a circle of given 
radius which remains tangejit to the sides of a triangle or rec- 
tangle brought forth difF^nces^ of opinion again. But the idea 
of making models had taken hold and soon there ^vere many 
models, not the elaborate polished variety, but simple cardboard 
models to \h: used today and discarded tomorrow. Some students 
ventured to apply the same method to squares, pentagons, and 
regular hexagons, as shown in Figure l, .at the left, below. In each 
case a model displayed why the internal figure is a polygon, while 
the external figure has rounded vertices. 





Figure 1 



Figure 2 



More and more models were brought to class; interest in them 
seemed to i?t^w. Manv students told of the (OTisii u( tion diffu uhies 
they had enflountered and the ways in which they had overcome 
them. Some wvic really ingenious. For example, while using the 
model for the ryt [oid, the class observed that it was difTiciilt to 
make the wheel rolK tor it had a tendency to slide on the track. 
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Many suggestions were made, such as stretching a jffec^ of inner 
tube around the wheel to increase its traction on the track. The 
result was an improved model, but one still imperfect. Someone 
suggested the use of a strip of corrugated cardboard on the outer 
rim of the wheel and a strip of the same cardboard on thd 
track. It was found that stretching the corrugations on the 
curved surface prevented perfect synchronization with the cogs on 
the flat surface. Then spikes were inserted on the surface of the 
wheel and the track was replaced by ^ soft, easily penetrated 
material. This time it was observed that the spikes on the wheel 
, had to enter and leave the track at angles instead of along the 
lines perpendicular to the track. This difficulty may have been 
overcome, but the problem was solved when a student found 
that a piece of flexible wire held securely in a position parallel tq 
the track and wrappe'd tautly around the axle of the wheel pre- 
vented its sliding and made it revolve as it progressed along the 
track. 

Enthusiasm for models need not weaken the demonstration 
phase of the work. Many students, once understanding the mean- 
ing of locus, prefer to imagine the path of the point or to discov/ir 
its form by referring to related theorems; others continue to de- 
"^end upon a model as an aid. For example, alert students would 
associate the locus of the point of intersection of the diagonals of 
a rectangle having one side fixed in length and position, with the 
'perpendicular bisector of the fixed line. However, many students 
lacking this facility to associate ideas abstractly would realize that 
■the pioblcm becomes the locus of a point equidistant from the ex- 
tremities of a line, upon examination of a model such as the one 
shown in Figure 2. Although my experience has been too limited 
to justify generalization, I have found that freciuently the bet- 
ter students prepare the poorer models. Often they have fine 
ideas but seem to lack the mechanical skill to execute them, 
while some of the poorer students create excellent projects. Per- 
haps this is the natural result of the proportionally greater num- 
ber of poorer students participating in "shop" courses. However, 
this difference in ability is most helpful in maintaining a balance 
• between the discussion of models and geometric demonstrations. 
To clarify this point, let us consider an example. A problem frcr 
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qiiently encountered is to find the locus of the mid-point of a given 
line-segnicnt which moves so that its extremities remain on the 
sides of a right angle. Ihe alert student immediately associates 
this problem with the theorem that the mid-point of the hypote- 
nuse is equidistant from the three vertices; hence he knows that 
the mid-point must always be one-half the length of the given 
line-segment fronrthe vertex of the right angle, and that it is there- 
fore an arc of a circle with its center at the vertex and its radius 
equal to one-half the given line-segiiient. It would be criminal to 
stifle his clear thinking and imagination by compelling him to 
make a model. At the same time there are students incapable of 
this kind of abstract thinking'who,. witli the cover of a pasteboard 
box and a ruler or short stick, can discover for themselves the 
form of the locus and can see the concrete application of the 
^ theorem. Fr.equently a model inspires the creation of a new prob- 
lem, sucfi as the locus of a fixed point other than the mid-point of 
given line-segment Which moves with its extremities on two per- 
pendicular lines. 

Thus the two extremes of ability can work together on the 
same unit, each contributing to the growth of the other through 
verbal demonstration or physical evidence. 

K 's somewhat difficult for the teacher to decide whether models 
should be required, whether proofs should be required, and how 
to measure the individuars achievement. TR^e problems, like 
all other problems in- teaching, can be answered orriy in terms of 
the abilities, interests, temperaments, and asjnpations of the indi- 
vidual members uf the class. It seems advisable to allow the student 
considerable freedom in the selection of the particular kind of 
work he will do; but, bright or dull, lie will need guidance in his 
eff^)rfs. 

It has been my cxpeiionce that the frjllowing procedure is help- 
ful. First, the term locus is introduced as soon as possible in con- 
junction with the most snnple joiis^ruction problems so that, 
when the locus unit itsclt is ai)proadicd, the term is already under- 
stood. Since the Pythat^orcan ^rheorcm may be applied to several 
locus problems, especially those involving circles with chords 
or lani^eiUs: and siiue the unit itself is \aluable as a (f)mprc- 
hensivc review, it is best tn post[)(^nc the locus chapter until well 
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near the end of the course. A discussion oE^^the cycloid or the cardi- 
oid stimulates interest in the unit and challenges even the better 
students to build models. If the students fail to take the initiative," 
a few models from previous years are brought into the classroom 
in order to motivate greater interest. Students like to manipulate 
things, and soon there is a disc^^ssion about how to improve one or 
what principles are involved in^the other. However, only a few 
models are carried from one class into another, for I firmly believe 
that great value is derived from a child's studying a problem, plan- 
ning a model, and carrying these plans through to a finished 
product. Afteii^ we have discussed many problems, each stu4jint 
is requested to select a specific problem upon which he is to 
become an authority. IleVmay do one of^two things: he may 
describe tlic locus and prove it quite formally to the class; or 
lie may prepare a model and demonstrate to the class how it 
operates and what theorems it illustrates. The first procedure is 
within the range of only the better students, but through them the 
entire group becomes acquainted with at least the essence of the 
geometric proof of a locus problem. 

The second procedure is open to all students, for the only ma- 
terials necessary can be found in their own homes or the school's 
industrial arts shop. An. embroidery hooj^ or a cofFcc-can cover 
makes an excellent circle. In Figure a tan cover was used to lind 
the locus of the mid-point of all chords of fixed length in a given 
circle. The chord is a strip of wood with a piece of lead fastened 
at its mid-point. Figure 4 shows an einhioidcry lioop beini^ used 
as the fixed ( ircle in find.ini> the loc us of the center of a circle of 
given radius, which remains tangent to tlie fixed circle. In this 
model the student made use of the line of centers in order to show 
both internally and externally tangent circles. 

A simple yet very eflec live model can be made entirely of card- 
board. In order to show the locus of the vertex of a right angle 
whose sides pass througli two fixed points, it is necessary only to 
mark the two points on cardboard and cut a slit from one to 
the other. \ second piece of cardboard, cut to a right angle, in- 
serted in the opening is movable. By rotating the right angle and 
pressing it finnlv against the ends of the slit, the student sees that 
the vertex traces a semicircle. Two pins, one ea- *^ at the two given 
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points, may be substituted for the slit, and acute or obtuse angles 
may be substituted for the right angle. Each 6i these may be used 
as the vehicle for the application of the basic theorems about in- 
scribed angles. 

Thus wires, strings, tin cans, rubber bands, pencils, nails, pressed 
- wood, and countless other conimon materials find their way iritol 
the classroom in the forms of triangles, circles, parallel lines, ele- 
vator shafts, as shown in Figure 5. The models need not be per- • 
manently finished products, for only a few are to be preserved. 
However, frequently very fiuc models are prepared and these are 
useful in motivating the work of future classes or in suggesting 
possible variations to the students of less creative initiative. 

The final emergence from this unit is no longer accompanied by 
a distaste for everything mathematical. True, students miy still 
be unable to write a formal proof, but they have experienced the 
actual application of some of the basic principles of geometry and 
have gained an insight into the relationship of one part ;Of a geo- 
metiic figure to another. 

Nothing lost by the -better student; something gained by the 
poorer student! Is it not possible that models could be used else- 
where in mathemati^ to increase the efficiency and pleasure of 
both the teacher un«s.the learner? 



LINKAGKS 
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Robert C. I Yates 

I ■ 

The most I'ROMiNENT motion is c/icular. The conversion of the 
easily attained circular motion into motion along a straight-line 
is of prime importance to the engineer and the mechajiic. This was 
especially true seventy-five years ago when modern mfachinery was 
in its formative stage. Steam had only recently been allied to both 
land and water vehicles, but poorly riveted boilersStnd clumsy 
levers improperly lubricated played havoc aCtHv-liie^and limb. 

The generation of line motion was no(doii))t of concern to 
mathematicians from the time of Archimedes STM, because no solu- 
tion was apparent, jnany confused this problem with that of squar- 
ing the circle. A solution was first given by Sarrus in 1853 and an- 
other by Pcaucellicr in 1861, both of which lay unnoticed until 
Lipkin. a student of TscJicbyschcf, independently recreated Peau- 
ccllicr's mechanism. 

Fanned by Sylvester's enthusiasm [14],* interest in general link- 
work innncdiatcly flamed high to attract the attention of men 
like Caykv, Kempe, Hart, Darboux, Clifford. Koenigs, Sir Wil- 
liam Thompson, Darwin, Mannheim, and a host of other minds. 
The epidemic was so fierce and. so universal that the subject was 
drained .ilniost completely dry in the short span of four or five 
years. The drop in interest followed Sylvester's departure for 
America aiul Kcmpe's proof of the rei/ihrkable theorem that any 
algebraic curve, no matter how complex, can be described by a 
linkage [H, 1.")]. 

We shall confine our attention for the most part to linkages 
that produce line motion. .A^lthoujjh the drawinQ;s ^iven here seetn 
to indicate otlierwise, there is'ijo necessity tlwt:;b5i^ or links be 
strai,p;ht. Indeed, such a re(}uircn)ent would beg the question. The 
line segment joining two joints is the effective distance— the only 
re(iuirenient is that all bars he plane inextensible members. 

• Nuillljcis in ht.uktt.s icftT til iffrtctucs oil pa^e 1L"J. 

117 

ERIC 




' Eighteenth Yearbook 

In making models of the various linkages, ^ne^ should ©btain 
colored cardboard (poster board) about 12-plySan eyelet pWich, 
and boxes of No. 2 and No. 3 eyelets. Use the NoS^eyelet ^o\om^ 
two links; the No. 3 to join three or four links. Whh a pHbto- 
trimmer cut the cardboard into strips about one-half inch wide, 
and mount the model on a cardboard background. To insure 
greater ^accuracy, two bars of the Sjame length should be punched 
sinvultanepusly [15]. 

The Peaucellier Cell 

The Peaucellier cells [5, 11. 15] are displayed in Figure 1. where 
OA = OB = AR ^ BR ^ a, AP ^ PB =: BQ_^ dA ^ h. It 
is obvious that the points O. P, Q. as well as points O, P. R, remain 



// 



\ 




Figiue ^1 



coUinear as the cells are deformed. If X be the mid-point of the 
variable distances PQ_ and OR, we have in either figure: 

[OA) - (AX) 2 = (OX) 2 and (AP) ^ - (AX) ^ =-. {PX) ^. 
Subtracting: . ^ ■ 

(OX) ' — {PX) (OA)'' — (AP) 2 :=-fl- - 
or (OX - PX){0\ + PX) = a- - b\ 

Thus, in the left figure, since PX = XQ and OX + PX = OX + 
XQ Oil 

{OP){OQ) =z a- — b^. 
In the light fi.miie. OX -f- /'X RX -f PX = PR, 

{OP)(PR) - a- - b^. 
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1 hcse relations consliiute the fundamciual property of the Peau- 
cellier cells, a property that i:haractcri/cs thcni innncdiatcly as 
mechanical inversors [IT)]. 




M 

Tigure 2 



I'or line motion, a seventh bar of length c is attached with one 
end at P and the otfler end, Af, to the base plane. The point O is 
-•attached to ilie plane so that OM — c\ Then Q desc ribes a straight 
line perpendicular to OM as shov;n in Figure 2, l o prove this, let 
the linkage be placed in an arbitrary position as indicated. Draw a 
line through perpendicular to the line OM of fixed points. It 
is evident, since the right triangles OSP and OII() are similar, 
that 

op/oii os/oq or {on){OS) {0P){0Q). 

Hut (OPyOCD is constant and so theiefore is {OH){()S}. 
I1ius» since S is a fixed point and this product is constant, // is ac- 
cordingly fixed and the point Q li^-'s always on the perpendicular 
to OM at //. 

^ The other airangenicnt of the PcaucelUcr cell will produce line 
niniinn ii P is ail.uhed to the plane and O is made to traverse a 

'C ire le passiuv^ through P. The demonstration is similar to the fore- 
going. 

A line motion linkage announced by A. Ik Kempe [G, 7, 8, 15] 
is built fiom jjoiiious oi the P(\iU({'llin (ell. 1 he ''kites" Ai^IiT 
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^f' ■ ■ 

and RO'ST of Figure 3 are proportional That is, AP x=z AT, 
PR = RO' = «r, O'S = Sr, and 

^ 

MP/PB^ PR/ST. 

Since the two kites are in union as shown, they have a common 
angle at 7' und^ thus are similar throughout all deformations. 




Figure 3 



Let ITAP r= 2(i z=: iTlUr and I APR = 9 I AIR = 
I RO'S. Then 

I PRO' =: 2z - 2? - 40. 
Since triangle PO'R is isosceles, iRPO' = 9 + 20 — J, 

and therefore lAPO' =. ^ - 20. 

Tl US, since I PA T = 20, PAM is a right tiiangle with the line 
joining P and O' always pqfpendicular to the bar AT. Accord- 
ingly, if wc fix O' and move' /IT parallel to itself, then P will de- 
scribe a line perpendicular to AT. To do ihi.s. attach a bar OA 
equal in length and parallel to O'S and fix the point O. 

Remove the bar OA, free the point O' from the plane, and fix 
P. Then attach to T*one end of a bar which is equal in length 
to AP. Fix ifs other end to the plane at d so that PQ ^ AT. 
This arrangement permits O' to move on a line perpendicular to 
P(l and the motion is somewhat freer than the foregoing. 
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The Hart Cell 

A linkage of special importance is ''c four-bar crossed parallelo- 
gram of Hart [1, b, r5]. The bars are equal in pairs, i.e., (Fig. 4) , 
AD =z BC, AB — CD. \Vc select four points 0, P, Q, R on the 
bars in a lin^ parallel ta ED and AC. These will remain collinear 
as the cell is d'cprmed. Diaw the circle through A, P, and Q. 
Siiij^e its center is on the perpendicular bisector of PQ, the line 
^'symmetry of A and C, then C also lies on the circle. Let the 




Figiiie i 



circle cut tlie bar AD in the point V. This point is a fixed point 
of the bar. For, by the secant property of the circle, 

{DT){D.'l) :=z {DP){DC), 

in which, the right member is a constant since /). P, and C are fixed 
points of t!ie bar. In the left member, DA is constant, and thus 
T nm.st ho a lixed point of AD. That is, throu.s^liout all deforma- 
tions, A, T, P, Q, C, points fixed on the several bars, are always 
concyclic. 

Now. since O is a fixed point of the bar AD, we have also by the 
secant {)ro|>erty: 

(Or-jiOil) - . {0'1'){0A) = constant. 

I bus, since the product of the variable distances OP and is 
const.nit, this rcmaikable four-b mechanism lias the same funda- 
mental piopeity as tliat of the eaucellicr cell. For line motion, 
fullowinj^' tlu- piinciple^i of Figure 2, we may fix O to the base plane 

^ 
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and caus** Q to move on a circle through O, Thus P describes a 
stiaight line. / 

The Hart cell has further interest. If we unionize two such cells 
by utilizing a short bar of one as a long bar of the other, as shown 
in Figure 5, we may produte linear motion upon an entirely dif- 




Figure 5 ^ * 

fercni principle [ti, 7, 8, 15]. In the left-hand figure, ABCD and 
ADFE are both crossed parallelograms. The angles of the first at 
A and C (i.e., 0) are always equal; those of the second at A and F 
(i.e., <f) are likewise equal. Generally, however, 6 ^ <?. But if 0 is 
to ecpial 9 throughout all deformations, the two crossed parallelo- 
grams must be sim: lar and their corresponding sides proportional. 
That is, if 0 9, then 



or 



AE/AD = AD/AB, 
(AD)^^^ (AE)'(AB) 



Accordingly, if the bar AD be fixed to a base plane, the rotation of 
AB about A produces an equal and opposite rotation of AE about 
A. Thus, if AE be extended to G such that AG = AB and the two 
equal bars GP and BP be aildcd» the point P will be forced to 
move along the straiglii line passing through the two fixed points 
A and I). 
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Spfcial Jiote should be made of tlie connection here with the 
Kfinpc Uii.kagc (or trisecting the general angle. It is obvious in 
the left figure that two more bars may be attached to the linkage 
to prodiuif Ihree ecjual angles at .-1— the three luiionized crossed 
paralleloji^ anis having their corresponding sides proportional. (See 
article or» Trisection elsewhere in this volume.) 
/■• _ 

/ " Onif.R Line Motion Linkages 

W'c present here two linkages whose underlying principles differ 
fioni tjiosc of the foregoing. The first mechanism, outstanding 
for its 'ingenuity and simplicity, was devised by Hart. [4, 5, 15]. 
fwo si ts (jf eciual bars. -K; = HI), PC = PD, are joined as shown. 



/• 




A e A e 



■ .'I he points A and li are fixed to a base plane at a distance h apart. 
>If P be moved so that the angles at C and D are always equal, then 
i'liiangk s A PC and liPI) will be congruent and AP always equal to 
lliP. Hiu?. P uill lie always on the jiei pendic ular bisector of the 
: segmeiu AB. 

j •[ he reciuirement that angles at C and I) he always equal would 
; setiu difrK uli indeed to arrange mechanically. Surprisingly enough 
I sm h is not the case, l or, let /IC = lU) - a, PC = PD - b. Then 
select two pt)inis R and S on AC and BD, respectively, so that 
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RC — SD = b^/a. 

Then RC/PJ3 {b^a) /b = b/a = PC/ AC. 

Tluis IP AC ZS-: iRPC r= ISPD - IPBD ~ x. Furthermore 
/^■iPC = I PRC ~ iBPD y. No;v since PR — PS; PA - PB; 
and )i + 2 z= lAPB, then triangles and RPS are sij>/ilar. 

Accordingly, * - 

PR/PA = RS/AB ^ RC/PC - b/a. 
If we take the constant distance /4 Unequal to a, then 

Ri = I. 

f 

That is, if P describes the, bisecting Hne of AB, then the distance 
between the moving points R and S is constant. Conversely, the 
angles at C and D will Remain equal and the point P will describe 
a line if R and S are joined by a bar of the proper length. 

Before attaching the linkage to a base plane, lay it open so that 
P is at the uppein)ost point. The mechanism forms the letter '*A*'. 
In this extreme position fix the points A and B along any desired 
line. 

The second linkage for line motion is due to Kempe [8, 15]. 
As shown in Figure 7, the following lengths are selected: AB — 
BC ~ CD = CP = 4a; AD — DC = CD' = CP ~ 2a; AD' — a. 




6 ' P 

Figure 7 
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The poinu .1, 1)'. and li arc attached in a straight line to the base 
plane. We shall show that P lifs always on this, line.^ 

From the selected lengths, (juadrilaterals ABCD and ADC'D' 
are similar, since they contain a common avgle yatA. Thus, angles 
of the iirst (luadrilaieral, i.e., x, y, z, are equal to those of the 
second at corresponding vertices. Moreover, 

• Z ADC .V and . Z C'UC ^z — x^ Z 

But Z A D'C = z and Z C'D'P -^--z=z I CPU'. 

Accordinglv . Z CPD' (; — .v) + (r - 2) = t: - x, 

and therefoie the points li, P, and /)' are collinear. Consequenil;/, 
/' must inovf on the straight line AD'B. 

Itshonld he noted tliai any point on the bar PC, other than C 
or P, describes an ellipse. 

.■Vl'l'ROXIMATt: Ll.NE MoTION 

The linkages discussed thus far have yielded exact solutions of 
the problem of convening from circular into straight-line motion. 
Prior to tiie apjjearaiice of the Peanccllier cell, there were, natu- 
rally, a number of devices that prncluc ed motion along an approxi- 
mately straight line. Tlie most notable of these was the three-bar 
linkage of fames' Watt, father of the modern steam engine [fi, 1')]. 
This displa\c-(l in I'igiire 8 I. P is the mid point of C7) and 
AC " Bl). otr:^d B are attaclied to the plane .so that CD is per- 
pendicular to .tC and 11 D uiieu they are parallel. \Vatt reasoned 
that the cin ul.ir niotimi ol C counteracted that of D so that a 
point /* midway on the traversing bar would travel along a "neu- 
tral" path appioximatiiig a straight line. This device enabled h:m 
to reduce the height of hi.s engine house by hvc feet, a step which 
must have repiesented a cipit.il suing. A envious cpiotation from 
a le'KT of 17S'} to his son hac.iIs his enthusiasm: . . though 1 
am not over-anxious ahrr l.inu-, I am ninie proud of the parallel 
motion tliaii of any other imcnuou 1 li.ue ever made." 

'Tlie u-.|iiiuliiritt xh.it .i. nii.l /( lie inllnii-.n senu to t.c^ the .|ii(sli..ii. 

HowcMT. since it is [josmLIc I)\ ila (ihhiimsm s alone ii> cst.ihlisli mk li poims. an 

oljjidi- • Mil this N<">.<- <..iilil i III- j ticl is<e .i;ii<le on (■..m-irtnntl T'U)U, 

(pp. 211 1 
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An inieicsung special case arises whei.\ it happens that AB — 
2(i; CP = FD = a; AC = BD = fl\/2. Then the luc«is of P is the 
familiar Icmniscate. 

I he arrangement of three bars in Figure 8 II is the approxi- 
mate line motion of Tschebychef given in 1850. Here, AB = Aa; 
DP :=zPC — a; AC = BD — 6a. 

In 1860, R. Roberts devised the three-bar linkage (Fig. 8 III) 
which produces a better approximation to line motion than either 
of the two foregoing mechanisms, Instead of a traversing bar, there 
is the plate CPD which carries the tracing point P. Lengths are as 
follows: AC ~ CP = PI) = DB and AB = 2{CD) , 

We cannot pass on without mentioning the general three-bar 
linkage shown in Figure 9 I. This mechanism produces a compli- 
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Figure 9 
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rated curve the sixth degree [10]. If the triangle ABC he drawn 
similar to the plate P(IR, the circunicirclc of ABC will pass 
through the double points of this sextic curve. 

Figure 9 II exhibits a most remarkable property of the three- 
bar linkage. Select a triangle ABC and any internal point P. Draw 
lines through P parallel to the sides of ABC, thus determining a 
triple tfiree-bar mechanism as shown. (The three-bar part ABPQR 
of I, fur ex.unple, might be the same as that in II when extended.) 
Now, no matter how the link work be deformed, triangle ABC 
remains abva-^'S sirnilar to itself. That is, for instance, if A and B 
are fixed. P desci ihcs a three-bar curve, and the free point C re- 
mains at rest. ()i, if A, B, and C are fixed to the plane, all three 
of the three-bar ynechanisms produce the same curve in mxitual 
harmony afid cooperation. 

pAHALI.FroriRAMS 

I he jKirallcloi^ram has occupied from the begiiming a promi- 
nent position in the theory of linkages [1.^). 10], Its use as a basis 
for the familiar piuiiograph is ilhisiraiecl in Figure 10, A rhombus 
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P P P p \ 



MAXP' has two legs extended to points (J and P so that O, P\ 
and P are collinear. Triangles OMP' and OAP are always similar 
and thus 

OM OA or' or . 
or OP 2(0P'), 
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Accordingly, if O is fixed and P be moved on some curve, the 
point P' traces a curve similar and similarly placed to the first 
but reduced in si^e by one-half. 

An obvious extension of the pantograph to one with multiple 
copying points is shown also in Figure 10. 

Clearly, the rhombus may be replaced by a general parallelo- 
gram if O, P', and P are kept collinear. This leads to the general 
pantograph shown in Figure 11,1. The bar MP' has been replaced 




Figure 11 



by another bar OB without changing the effectiveness of the origi- 
nal parallelogram. The point P' on A' which is collinear with O 
■ and P is the copying point. Variously selected points P on the bar 
AX extended will produce an assortment of reduction factors de- 
termined by: . 

()^^/(}A U OP' /OP, 
or OF^[{OM)/{OA)]^{OP). 

The linkage of Figure 11 II is offered for its novelty [14, 15]. 
Five rhombuses are joined together as shown. In all positions, M 
is the mid-point of BC, while G is the lower trisecting point of the 
line segment AM. Tluis G is always tlic centroid of the variable 
triangle ABC. 
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Of consi'derable importance to linkage theory and the descrip- 
tion of higiihr plane curves (including the conies) is tie crossed 
paralielogruniXalready introduced here in Figure 4 [1, 2, 3, 4, 8. 
12, 15]. Further study may be had through the listings in the 
attached bibliography. ■ 
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GRAPHICAL REPRESENTATION OF 
CO|^rPb£X ROOTS 

Howard F, Fehr 
r 

Complex numbers usually are first introduced intoNliigh school 
mathematics under the topic of Quadratics. The solution of quad- 
ratic equations by the methods of completing the squarevand sub- 
stituting in the quadratic formula frequently leads to square roots 
of negative quantities. In order to admit expressions involving 
such quantities as roots of an equation, it becomes necessary to 
extend the number system to include complex numbers* Xhe 
usual treatment of such numbers in the high school is mechan- 
ical and meaningless, but the Argand diagi. m can and should be 
used to represent such numbers as points in ^^lane. 

The study of the quadratic function can well begin with the. 
construction and study of its graph. In this way, it is easy to see 
that one of three conditions prevail: the x-axis cuts the graph at 
two distinct points; or it is tangent at one p'^int; or there is no in- 
tersection. In the last case the student is told that the roots of /(x) 
= 0 are imaginary; frequently he uses this word in its ordinary 
literal sense and thinks of the roots as purely fictional. It would 
be better to use the word '"complex" instead of "imaginary," It 
is the purpose of this article to show that the actual graphical loca- 
tion of these complex roots is within the comprehension of the 
average high school junior and senior. 

Consider the function 3; = x^ — 4x -f 8. The graph of this 
function lies entirely above the x-axis. Hence the roots of /(x) = 
0 are complex. From the graph it is evident that the roots of 
x^ — 4x --[- 8 — 4 (y = 4) are equal; if ); > 4, there will always 
be two real roots. For the high school student who has not studied 
complex numbers, the equation x^ — 4x -j- 8 = 0 has no roots, 
while the equation x* — 4x + 8 6 has exactly two roots. If he 
solves the first equation, he finds the answers to be x =rz 2 ± 2i, 
but these values do not appear on the usual graph. 

ISO 



Complex Roots 



A coininon nicthotl ol constructing these complex roots makes 
use of tangents to the graph. 'Huis in Figure 1» let the axis of the 
parabola nicci ila* \ axis at .1. Trotn A draw tangents A IV and 
AR; then draw J{R\ l.vi RR' incci ihe parabola's axis at Q.. Then 




^ X 

y ^ ;,'-4« i 8 



P. 



lay oil both sides ol the x-axis Al\ AP-^ — RQ, Considering 
VOX as a coiiiplev plane, /^ and then rej)rcsent the complex 
roots of the ecjuation. 

'1 here are two piiiuipal Dbjeeiiou.s lo ihc use of such a con- 
slPiction in the high school course: tirst. the dual use of the plane 
i>" rectangular coouliuates to represent iuiu Lions of a real variable 
and also as a lomplev nuiubei plane is (ontnsing and likely to 
lead to errj)neous concepts; second, the proof that P\ and P'2 i^^p- 
resent the complex roots re([uires more advanced mathematics 
(such as a ktiowledgc of slope, ecpiations ot tangent lines to a parab- 
ola fiom an external point, and some laihei in\ol\e(l algebraic 
matiipulations) than can be expected ot ttu* hi^li sthool pupil. 
This meiluul can be cxteiuled. howevei-. to i ubii s and higher ecjua- 
tions. and the interested reader can fintl more information in the 
aiticle b\ l nnii\{llei listed as a leteuiUe tui pa-^e 

Most leadieis will iind the tollnwing method better suited to 
high S( hool algehia. 

\Vv shall consduct the graph ot \"-' Iv ^< with botli its real 
and its complex branc lu*s. In ord<*r to do this, we n)nsidcr only 
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real values of the function but both real and complex values of 
the variable x, as shown in the table below. Designate the function 

by y and solve fur x. 



8 2 ± 2 

5 2 ± 1 

4 2 ± 0 

3 2 dr t 

0 2 ± 2i 

-5 2 dr 3j 



y = x2 -1 4x 4- 8 

x'^ — Ax = > — 4 

X = 2 ± — 4 

It is evident in this form that: 

(a) There are two values of x for each value of y. 

(b) If y < 4, the values of x are complex. 

To construct the graph, we use the horizontal plane as the com- 
plex number plane in which values of the variable x are located. 
Through the point of origin of this plane we draw the y-axis per- 




Comjjlex Hoots 

pcndicular to the plane. Then for each value of > (as given in the 
table) we locate the corrcipondinj^ two values of x. For > > 4 the 
points thus plotted gi^e the ordinary parabola, which we call the 
real branch. Tory < 4, the points fall in a plane which is perpen- 
dicular to the I'Ofl plane and two units from the point of origin. . 
These points form an inverted parabola which we call the com- 
plex branch. It is readily seen that this latter branch cuts the ^ 
X -complex-number plane in the two points 2 ±: 2i, which are 
the roots of the given equation. These points are actual inter- 
sections, as shown in Figure 2, and need not be imagined. 

The construction can be attacked more generally by letting x 
have the complex value a -f- hi, and finding the conditions under 
which y is real. Thus if > = — 4.v -f 8, we have 

> = (fl -f biy — 4(fl + ti) -f- 8 = _ _ 4fl -f 8 + i{2ab — ib) . 

If )i is real, the coefficient of i is zero; hence 

2ab — ib = 0, and b —0 or a = 2. 

If fa = 0, then y = a- — ia S, which is the real branch of the 
quadratic drawn in the YOa plane. 

If a = 2, >■ — 4 — b'-. 'Mils is the complex branch of the quad- 
ratic in the plane a = 2, which is parallel to the YOb plane. The 
complete graph, therefore, consists of two branches; and for any 
real value of y, the graph will always have two and only two cor- 
responding values of x, either real, equal, or complex. 

A permanent model can be m^de by using three glass panes, 
cemented together so as to form the YOa plane, the aOb plane, and 
the plane of the complex branch a — 2. The y, Oa, and Ob axes 
can be painted on the respective planes in black. The parabolas 
can then be painted on their planes» preferably in contrasting 
colors. Thus the real branch — \a S can be painted in blue 
on.,th€. }'0a plane, while the complex branch 4 — b'^ can be 
^y^mcd^ red on the plane a 1= 2. The intersections 2 ± 2i can 
easily be lAljclcd in iho .v -plane. 

Fach stiident can make his own model from ordina;-/ graph 
paper. FiWt, fold the sheet in half, lengthwise. Draw the OY and 
Oa axeskm both sides of the folded paper so that they correspond. 
Next, locate the axis of the jiaiabola which is always at x = 
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Figure 3 

— b/2a, and draw this axis to correspond on both sides of the 
folded paper Slit the lengthwise crease from the riglu, edge as 
far as the parabola axis and fold each slit part into tfiree equal 
sections, making the middle one bend outu*s^^d. (Sec Fig. 3.) 
Then, by holding the slit ends together and pressing from both 
ends so that the rtiiddle sections bend outward, the paper is di- 
vided into two perpendicular planes, the YOa plane and the com- 
plex branch plane. Label the axes accordingly and plot the graph 
of each branch on all visible faces of the paper. Then looking di- 
rectly toward the I'Oa plane, one sees only the real branch of 
the parabola; it does not intersect the x-axis. Turning the model 
90^ around the )'-axis, one sees only tlie complex branch of the 
parabola, which intersects the b: axis at ±: 2i. Hence the roots are 
2 ± 2/\ When the entire graph paper is unfolded to a plane, it 
appears as in Figure 4. 

To graph the general quadratic, we proceed in the same man- 
ner. Thus we substitute a -f- for x in 

y-px^ + qx + r. 
. " pa- — pb^ ^ qa ^ r ^ bi{2ap + q) \ 



Camplex Rools ^35 
U y is real, the cocflicicnt of / is zero; heme either 

/; .„ 0 or a ^/Z-/^- 
If h = 0. y pa- -f qa + r is the real hranch. 
U a . : - (j V • - Z^'^'*^ + complex branch. 

Tie ( iiljic eriuaiioii can he treated in a similar manner. In this 
/ase ihcre aie two C()ini)le\ branches which are located on the two 
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braiutifs of a hvperbolic cylnidrr whose elements are perpen- 
dicular" to the .v-pl.me. I his is best illustrated by a particular 
c(juati(m. I ci \ .\-* .v ^- T). As before, let )' be real and x com- 
^plex. antl s^lJ^lillllc a -i- hi lor \, 

\ la In (a ^'0 -f- b 

fr^ :Ufr' ■ -I- (5 + hi(W h'' - 1) . 

li \ is real, ibc (oclht icnt ol / is /cVo; hence: 

/, ^ 0 or 3^/- - -^1=0. 

H h : i\ ^ (i^ - ■ ^/ -i (). '1 his is the rca' l)vanch of the cubic 
c'cpiaiinn. ubiih is the pai t iisiiallv <»i\ tn in the YOa plane. 

•If - - 1 n. V -r. —Sa^ + 2a -j- 6, which formula gives 
the \aluc^ of the linulion on the C(;n;ple\ branch. Notice that 
:Vz- - - 1 is the t (piaii<m of a hy})erbola in the aOb plane. 

Heme an\ (m]ii]^U \ niniilu'i a 4- hi that saiisties l^fr ~ — 1 
wil! i^ivc the ical value - ><a' -i- 2a 6 to y, That is, any complex 
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minibcr on the hyiKMbola in the aOh plane substituted in the 
oii^inal ccjuation will produce a real value for which is plotted 
above the complex value of x. The fact that the values of y^ior the 
complex branches an given in terms of a only makes it easier to 
evaluate and locate the points on the graph. Thus if a = 1, 
Y = — 8 -[^ 2 -j- I) = 0; and the points on the hyperbola are 
h- 2 or /; — =h \/2. Hence the (^oniplex roots are 1 zt i\/2. Simi- 
larly if a :^ 2, y = —54, and b ~ ±: y/ll. When x = 2 ± 
the valueof the function on the couiplcx branch is — 54. 




Figure !> 



ri^uie !') shous how the complex branches begin at the maxi- 
mum aTid minimum points of the real hianch and have all their 
points diicctly abo\e or below the hyperbolas in the aOb \)hnc\ 
that is, thcv lie on the hvperbolic cylinders. Such a graph shows 
immediately the values of )• for which the cubic ecpiation has 
iht ce real roots, two equal toots, or only cjue real and two complex 
roots. It dearly shows that a cubic equation always has three and 
onlv thiee loots. 

The exitMisinn to the (piavtic equation should now be obvious. 
"I he cpiauic function has thiee complex branches. Thus if y = x^, 
suhsiiiutinL; a -i- hi for x gi\es 

) : (a -1- hiy ~ a' ~ Cui^b'' + b^ + 4abi{a^- h^). 
If >• is to he real either a — OJ) 0, or a- — = 0. 



1 S7 

Complex Roots ' 

' If ^ _ 0. y = a\ which is the real branch. 

If a = 0, > = b\ which is the normal complex branch. 

lta — b,yz= —4a*, 1 ^^jj^^.^ are the two remaining complex 

branches. Thus a plane > =>-cat5 the graph of > = x* always in 
four and only four points. If k is positive, there are two real and 
two complex roots; if k is zero, there are four equal roots; and if 
k is negative, there are four complex points of intersection. 
With a slight change in method, the complex intersections of 




Figure 6 

some conies can be shown as in Figure 6 abo ve. In ilie circle 
x2 + >2 = 4. we notice that if x > 2. > = ± - ^"^ is a pure 
imaginary number. If we agree to give only real values to x, then 
for X > 2 and X < -2 we plot the pure imaginary values of y 
in the horizontal plane, since the real values were in the vertical 
plane. This is equivalent to substituting i>' for y in the equation 
of the circle from which we obtain + (iyT = 4 or - y'^ = 4. 
Mcnce the complex branch of the circle for real values of x is a 
hyperbola which is ploitul in the hori/ontal plane. 

The following problem illustrates how tiie complex intersec- 
tions of two quadratics can be shown by using the above method 
of graphing the complex branches. Let it be required to solve the 
set of equations + y^ = 25 am? 3f = 1^) x. Uy ordinary algebra 

_ —2;) 

we find that the solutions arc x z= 3. y it4 and x =i 



> = 



d=2Ji 



Tlie ordinary graphs of the real branches of the circle 

and parabola show the intcrscc tions (3, 4) and (l^. -4). If we draw 
the complex branches, the otlicr solutions will be apparent. The 
complete graph is shown in Figure 7. 
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'l lif coinpk-x hraiu h of the ciiiie is tlic hyperbola x- — = 25. 
To obtain the complex branch of 3y- --. Hi.v, x real, let y — a'-j- bi. 
Then Sfrt- — b'^ -f- 'labi) Ki.v. For .v real, the coefficient of i 
is zero and « = Qor t = 0. If b - 0. 3«- — 16x, which is the real 




blanch. If a . . I), : iliv, *I lii.^ is ihu c'{jiiij)lc\ hiaiKh which 

is plotted in ihc h{)i i/omal j)laiu\ I he intersection of tlie hyper- 
I)(ila and the ( oinph-x hiaiu h j)ai;iht)la '^i\e.s the touiplex sohuions. 

Ir is e\i(h iu that the mnipU'V iiiicise( tiojiu of a stiaight hue 
■■■•nil .1 (aiuint In- shown in this way, since in a linear tunc- 

li .V Is t(jniple\ is V, and c )n\ci.sely. I heie is no real \alue 
loi a linear fnntlion it the NariahK'^is.c^oniplex. 



r7\ 



Ki N(a . 



MathcwaUral Mt}n(h!y, WA. LM. p. 'W), VJlj/ 
li. Cw iiMAN. II. M. "CajinijU \ Rooib of a l^iUnonn'al Kciuatiuti." American 

Muthrmaiuf:! Mfiuthly, WA. -Ifi, p. 237, HMl. 
3. SA^qvuni. ItKi/MWA. ( ,t"f>n'h ts( he i )u} \trl!uni^ ilrr KowpUxc W'erie 

■\. IMnnirx A. \\\ atul liinu-. \\\ (hajiltic Al-^rln.i nr ircovici^ual ln{i'\lne' 
tiifmn t,f thr 'Uir.nx oj LfjUiiUnHS (if (Jjir ryiknoicn Oji'iuttiy, Hciiiy Hull 
atid (.(iiMp.ins. KS87. 



A DEVIcfeoR I KACHING THE FUNDAMEN l AL 
OPERATIONS WITH DIRECl ED NUMBERS 

llorteme Rogers 




About 1925 an automobile race track was built near the highway 
between Rock Hill, South Carolina, and Charlotte. North Caro- 
lina. People from lai :iik1 near attended the races held there. One 
day a slU(lent-tca( 1km of uiatluMnaii( s in thr Winilnoi) Traininj; 
School brought to class a poster with a race track on it. This 
pt)Slrr su;4;<;cstf(l lo thr supei visor the idea of using a race track 
foi teaching the opnat ions with signed nunihcrs. l"he resuUs 
showed real intertst and a hctter understanding on the part of the 
students, and so ihf (lr\i(o ha> hecn usetl. with variations, loi 
eighteen years. 'I he hovs and girls enjoy the race, and directed 
nuinherp take on a umI meaning lor them. The operations are 
rationalized thiough their toiurete c\i)crienccs; the examples used 
are literallv made the siudeiUs. I'ui ihonnore, fmni a study ot 
these exanipU'S they make their own algehraic rules which are 
later slated in <;nn(l ioim. They do not ([uestion the lulcs for 
u>ini» siL»ns. fur to iheni those lules aie i easoiiable. Although it 
lakes a hlile loii.^fi in leai h addition o[ cliietied nniuhiMS in tliis 
way. the thinkin- dniie and the undeistandini^ a(([uiied by the 
sludeius justifv the slowei progiess made in the he^iinhng ot the 
studv. 

A (le.ir uuderslanding ol certain enncfpts .sh()iild })retede the 
stn(h (»r the opeialious with diie(ted or sii^ned numbers. These 
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concepts- include: directed or signed numbers, negative number, 
positive number, the sign of a nur^ber, the absolute value, the 
reading and Writing of such numbers, the number scale, direcr 
tions on the scale, the meaning of a number negativ'ely directed 
or positively directed with respect to another number, and so on. 
As each oper-ation is introduced, a defmition or meaning of the op- 
eration should be given to and understood by the students. The 
meaning of addition used with this devico is in keeping with that' 
given by Breslich and Everet 

The teacher may introduv c the idea of having a race in any way 
he wishes. The students will soon be enthusiastic and, with some 
guidance, will plan the race themselves. The following account 
may make it appear that the idea, carefully detailed, is handed 
out to the students. This is far from being the case. They r'^ally do 
discuss, plan, and make decisions. They will discuss the different 
kinds of races; and, after deciding on an automobile race, will 
talk about teams, tracks, cars, distances, and provision for these 
in the classioom. lliey will divide into teams and will appoint 
at least three committees: automobile, track, and planniiig. These 
(umniittecs will be working sinmltaneoiisly and will be ready by 
a set time. Kach romniittce will need some guidance. 

The automobile commiltee. Each team has an automobile com- 
mittee. This team decides that the cars must face to the right, the 
j)()sitive direction. All members look in magazines or newspapers 
for pictures of cars. Each committee selects from those submitted 
the one its team will use. They mount the picture on cardboard; 
then they cut it out, carefully following the outline of the car. 
Next, near the top of the car they punch two holes through which 
a string on the race track is to be run. If convenient, these holes 
ran l)c strengthened with nickel brads, l lie cars are now ready 
and aic turned owr to the track builders. 

The track committee. This committee is composed of one or 
two memhers from each team. Hiey usually select front black- 
l)o<uds for the race track and use as much space as possible. They 
fasten small strii)s of wood across the extreme ends of the black- 
hoard. In each of these strips they place as many staj)les as there 

.^K. R. HT('sli<h, Prnhletns in Trm hivfi sn ,>u(l(ii^- Schonl Mnlfirvjatif ^, {j. I'^n. 
(.hir.i^o l't^iv(»rsi(v Picss. lOl^l. Also, }. I'. Fu'nMt. If if' I-ntKlnmnttal Skili^ of Al^r 
bra, |>. I'). Buioau <)£ l»ul)licati(»ns, Tc.ichcrs CwMegr, Coluiuhia fiiivcisity, lli'JB. 



Ui reeled Xionbers ^'^^ 

are teams. Then they tie strong twine to the staples at one end, 
run on the automobiles, and tie the twine to the corresponding 
staj)lcs at the othiM- end of the blackboaid. Now, after phtcing all 
automobiles in the middle of the strings, they draw clear lines 
just behind the tracks. They do this more easily if they use a 
yardsiick. Hy starting at the middle of the line, they measure off 
aaurately spaces one and one-half inches wide, marking each 
with a veiv short vertical line, but making each fifth line a little 
l(M>-er than the others. ^I'lie marks appear as straight mileposls 
alon-- ihe tracks. It is well to select as a marker of the posts a 
pupil who van make good hgu es. Starting at zero, he puts the 
minus and plus luuubcis aboxe the tifth posts only. I'hc com- 
mittees job at ibis jM^int is cnuipleled. 

77/c l)lannh\p^ committee. 1 his committee, which may be coni- 
juwd of a few from eacli tc.iui or of the whole class, decides on 
all other (jnesti(.ns. 'I hey luav decide on a relay race so that each 
pupii mav .iitualh (hive a (.11. Ihe older of (hixiiu^ >bcuild be 
a-^ieetl upMii If) Miii ilie _:MMip. 1 lu" ne\t (iiiesilon is how far each 
sh.ill .b.ixe. ^..tuies 1:1 ^i ln!iri>. aie u^ed aie recalled, and 

but \\\\\\ the athUiional specifica- 
)siti\e numbers. Each car will 
« (i f ihe ( onuler. Th^ spiu 



i In \ » !• \ H i( 1 1 1 1 .1 
I 1 



,Innr M.-i. ^ • ^-'.''^ luuiibeis 

fi,M,i minu^ . . \ ^Motl substitute for a spinner 

for b lea^i, i vi b. \. iih lu.iuv slips of paper eac h bear- 

ill:; a >rua!l M^iicd tniiiiixi. 1 .»( h plaxei (hausaslip aiul mo\es 
bis e.n ihe disiaiur vpeMlied iluiecn. II all teams aie to diaw 
the vinie bM\. iheie shuuM be in the l)ox at least ten of each 
iMUubei used. 

Helinite insii u< tiru^ lor e.it li di i\er aie a^ieed upon as follows: 

fa^ He (ells where the (ai is before he starts. 

(h) He sj^us. and ttlN the class what he gets. 1 b» also states in 

what din Minn tlu si-u tells him to -o and how far the ab 

solute value tells him to go. 
f() He i^oes to the race track and. .diet .uiually (ountin-^ the 

number of spa( es in the cone( i diua tif)n. he moves his car. 
Id) He tells where his car is then. 
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Of course, all games require a referee-scorekeeper; usually the 
teacher serves. The following are his duties: 

(a) He writes fairly large and sj)ares the scores \vell. 

(b) He ^vrites the name of each team on a board. If there is a 
lack of board space, he can use paper and before the next 
class session make mimeograj^hed copies of the scores to 
gi^e to the students. The use of the board is preferable 
for the class discussion. 

" (c) He writes for each driver the following: 

(1) The number showing \vhere his car is '^^•hen he stalls. 

(2) Under that, the number he gets when he spins, 

(3) The luimber showing where his car is after he moves it 
the dri^'ing distance. 

A study of the sample store board that follows will make clear 
the method of keeping the scores. 

ThL*»students selct t the name for their own team. They usually 
decide that the winner shall be that team whose car is farthest to 
the right after a specified number of players on all teams have 
driven. 

These preliminaiv arraiigemeius having been coin})lcted in class 
itv oiu nf ( l.iNN hoiiiN. the '^roup is readv for the race, lliey first 
ii.ivc .1 tiial Inwi in whidi otilv one on eatli teaiTi drives. The 
ra( 0 is on! Tlie l)()\s and girls enjoy the acti;'ity; -xhcy liave lots 
of fun and nuich freedom. Such cV^mnients as *'put on your 
brakes." "don't go in reverse,'* somu groatis. some applause, and 
M) on, are in order. As an award tliey put blue, red, or yellow- 
asterisks on the winning ears. Invai iably they recpiest to race again 
the nexf (lav. This privilege is S(Mnetimes, but not always, granted. 

Of course, the time spcm on such an activity nuist be used for 
teadiing and real thinking. The additig of sigtied numbers is 
kept in mind while the siudenis are counting the distances'^nd 
movitig the ( ais. Thev are cpiite Availing to accept the fact that the 
resuhs aie the tf)rieet ramis. But they cannot ahvays have cars ancl 
tracks. It is nf)w the teaeher\s task to guide the class in using tliese* 
examples \v hi( h tlu^v have made themselves to discover how to add 
directed lunnl ers without tlie aid of the number scale. Toward 
that end then study tlu^ score board, a sample of which follows. 
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Score IJoard 



1 



Siher Streak 



0 - 8 - 4 -l.S ~13 - 4 

8 _|_4--9 ^0 +9 +7 



8 1) - } O, -13 B —13 I) — 1 O + 3 C 

4-3 +8 +6 0 +2 ;+ 4 

^-4-5 -2 -6 +2, . H-2 +10 



-f- 8 A + G C + 0 E -f -2 1) + 4 A +14 A 



Lucky Thirtcc7i 

0 - -) +1 - 9 -12 -12 

5 -I- (i —10 — 3 0 . +10 



5 I) -i- I C — 9 O -12 li -12 D —20 

- 2 + .'> +8 -f- (5 — 3 — 4 

-:- 7 4- S - 2 !> - 1 + 4 

1 ii 0 I-: 



spitfire 

0 - D —10 - 2 -1- :^ f- 7 

1) -1 -;. S .- 4 —10 



- <) 1) ■ 111 !*. ■ . 2 c: 1 :m: ;■ 7 a - 3 «^ 

-.. ;i -- s -j. 1 -i- I — () . - ir. 

— 5 -:- [i -^1- 3 --10 - ID — 8 

_ 8 r. -i. ) C -I- 4 A . - (i -if) U -24 B 
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As an aid in studying the combinations on the score board the 
students mark, using capital letters, groups of examples having 
certain combinations. First, they find all the sums when each ad- 
dend is positive. They mark these with an A and study them. 
These observations enable them to discover the answers to the 
following questions: 

(a) What is the sign of tlie" result? 

(b) Is this the sign of each one marked? 

(c) What is the absohue value of this result? 

(d) How can one get tliis absolute value from ilie absolute 
value.s of the two given numbers? It may be necessary to 
suggcsi the answer by asking which one of the four opera- 
lions one can use. 

(e) Is this true of the absolute \ alue of each one marked? 

'I hc elass is then guided in stating all this in one good clear-cut 
sentence. I hen the tcachei writes on the board: 

In adding two poiitixe niind)(.is, use the sign and 

the absolute values. 

The students should read this together several times, filling in the 
blanks with the wouls jjhis and add Later it would be well for 
one child to ga to the board and write the words above the blanks.- 

Now have- the .students mark with a B all sums made from 
two negative mnnbers. Follow the same procedure as above, ask- 
ing similar (iue>tions and using ;i similar sentente. 

Next, ha\c tlu-m mark with a C all sums made from a negative 
and a positive number. .Ask the same fiisi (juestion. .Mso. ask 
whether .this is true (jf all inaiked witli a Ci. The answer is no. 
VlIt^iKe, have them draw a ciicle aioimd eacli € alongside the 
atiswers that arc negative and lea\e onlv a C for all that are posi- 
tive. Again have them study the two gioups for a clue as to how 
to decide on the sign. .Mthoui^h this puxedure will take more 
time than was reciuircd for the preieding groups, nearly all the 
students uill discover and agree that ilic si',ni is'ihe sign of the 
one having the larger absolute value. 'I hen tlu-v can study these 
nmnbeis t^o fmd how to get the absolute value. The .sentence 
whiih ihc group formulates will then be wiitten on the board: 
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In adding a negative and a jjobiiive number, use the sign of the 

number having tlie absolute value and the snialU r 

absolute value from the greater absolute value^ (The correti 
words here are respectively greater and subiracj.) 

Similarly, they mark with a D and study the examples with one 
number and a 7.cro. 'I he sentence will be: 

In adding zero and either a negative or a positive number, the 

answer is the negative or positive number. {The correct 

word is given.) 

Similarly, they mark with an E and study the examples with 
the answer zero. The sentence will be: 

In adding a negative and a positive number with the same abso- 
lute value, the answer is . 

What other combination gives zero? The answer is "two zeros." 
This step may be omitted. 

These generalizations should be followed immediately by prac- 
tice in applying each rule discovered and stated by the class. Some 
examples worked by applying the rules should be checked l)y 
using an automobile. The top track and car are usually left on the 
board for several weeks. This plan keeps a uumbei s( ale beioie 
the class, but permits the use of the board for other purposes. 

The automobile race, with necessary variations, has been used 
to teach subtraction and multiplication of directed numbers also. 
The interest of a given group should determine how long to con- 
tinue its^use. It is a device that has proved profitable for many 
students and it probably will clarify for others a basic matter 
that has often proved a stumbling-block. 



'I RISECriON 



Robert (I. Vales 

The I'ROBi.KM ot irLscciing the angle has been a fertile source of 
mailK'maiical ideas and to it much ot the history of mathematics 
owes its origin, For some time it has been known that the general 
angle cannot be tiiscrled hy straightedi^e and compasses [lOJ; yet 
many still eniciiain a hope that the impossible may be accom- 
plished [in]. Certain angles, notaoly !)0^ 5P. fP. do admit of tri- 
seciion bv siiaigbtedge and lonijjassos. S()nieije<Mnetrical tools, a 
tew of whi( h arc to be disrn.ssed here, are/^ipabTe of solving tliis 
piohlem. I'hfie aic c.mves.* other tlrfiTi the straiglit line and 
ciitle- which present means by whi<li the general angle may be 
iiiseded flfj]. ( )ut^l:ln(iing anu^ng these are the cpiadratrix, the 
KHuhoid. the nisctiiix (a spec ial liin;u<)n), and the parabola. 




C ■ M 

i : : i 

'111 niHlcisMml the piohhin aiul lo iNiabliNii . impossibility 
of stiaightedge t oinpass tiistctinii in the gciuial lA^r. it is neces- 
saiv to Iniin an inlei pietatitni in the fit Id of anahsiN. Let the 
/ . lOli . I i' i-. 1 J , and snppMSf one <)1 iht- ti iset tMi^ li'ncs to 
be so that 7"n/^ 0. Seh'( t .in aihitraiv h'ligth on OA as 
the unit distaiue atid (haw the parallel AC to meeting OB 

• All inrniitutlt*. in l.u i, 

I 16 
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extended at (.\ 1 hen /,DCO r- 0. N(U\' draw O/) ecpial to the 
unit length so tluit triangle ADD is isdscelcs with base angles 26 
(bince they aie alteriiaie inttMior an^iei iDAO — lAOT), It 
is evident, sinrc /.ADO is the sum of th)e opposite interior angles 
of triangle DCO ixud iDCO - 0, that ^DOC = 0. Thus triangle 
DCO is isosceles and DC — DO ~ 1. tet x denote the distance 
OC, 2y liie distance ///), an<l a the projection of OA upon the 
side on (i.e.. cos'M)) . From ihe similar ri^^lu triangles CMD, CNA, 
and CLO, we have: | 

A-/2 {X + a)/(\ + 2y) ^-r (1 + y)/x. 

The eliminaiion of y here produces: 

' ^ :\\ — 1!^^ 4 0. 

Since We may tDnsiruct the cpiantiiy a — cos3G, we may think 
of this as bfin,L; given with the angle AOIL If the point C, or its 
distance x along OH, can he driennined, the prol)leni is at once 
solved by connt-c iing C to A and then constructing the trisecting 
parallel O I\ Thus tlie geometrical Solution of the problem is 
equivalent to ihc algebraic solution of the corresponding trisec- 
tion e([uation. 

This (nl)ic ecjuation cannot in grneral be decomposed into 
facr.iK'. with ical consiruciihie ( oeflKienis [T). 15] and thus its roots 
"""it Iw' fihf lipf f! I»\ v.r> ]]]{] (■( )in passes. 

/ ht' ((Ujjoilt ? N sfjiifiit' [lli. IS e.sseniiaily a " T" formed, hy 
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joining rigidly together a segment and its perpendicular bisectof. 
Let lAOB (see Fig. 2) be trisected. Place the ed-c Q.S of the 
"T" along one side OB of the angle and mark two distinct points, 
C and C\ at a distance PQ (= a) from OB. Draw CCA Insert the 
segment PR so that P falls upon OA, R on CC, with tiie edge Q^S 
passing through O. Then lAOB is trisected by QS, for. from the 
congruent riiht triangles POQ, ROQ, ROM, 
IPOQ,:^ IROCI^ iRon 

The tomahawk [6. 15] is similar to the carpenter's square. It 
is formed by rigidly attaching a tangent line to a"semicircular disk 
whose diameter is extended the length of the radius (see Fig. 3) . 





Its application to the Li iscciion t)f a given angle AOB is innne 
liiate. 

The two forcg(jing instiuincnts may also be used to draw the 
cissoid and duplicati- ilu- cube (i.e.. extract the cube root of . a 
Sfk-rted segment) [17|. 

A single itmighli'dge uirryiug two arhituirily placed marks, P 
and Q, will tri ct the general angle if assisted by the compasses 
[3, 8, 15. 17]. Let the distance PQ be 2a. Upon one side OB of the 
given angle establisli OV a. Draw TX and 7T perpendicular 
and parallel respectively to OA. Place the ruler through O so that " 
/' and q fall on these linos as slnAvn. 'I hcii OPQ trisects I AOB, 
,is sIk.uu in I-iguic 4, paj^r 1 I'L I'or. if M he the mid-point of PQ', 
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ami l^^iCl^ ^ IMI Q,^ 

• Since lOMT is an cxieiior angle of triangle A/QT, and further 
since MT ~ O T = a, then 

Hut .since fH^ tiaveiscs iwo parallel lines, 

lAOQ LOQ^r. 

. Thus 

/_MOr ^.2{lA0Q) 
■ aiui OO is a tiiscdor of I AOB, 




h shnuld l)f iiotc'cl that as P travels along 7X with the straight- 
edge ahva\.s through (), the path of () is one branch of the con- 
(hoid of Ni(()nu*des, one of the curves prominent in the history 
of triscction f 1 f),;; 17]. 

As P and O travel upon the fixed lines 7'X and TY , the paih 
of any seUcu'd {)oint of Pil is an ellipse ha\ ing the fixed Hn -s as 
axes of s\uuiu tiy. *I he envelope f)f the lines PQ, and of the fu^./dy 
of ellipses thus fnijucd, is the asiroid, the four-cusped niembei of 
the h\ poi ycloid lanuly [H), 17], 
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The l>aper and cone [1, 15] combiiKUion affords an interesting 
; trisection arrangement. A right circular cone is constructed, hav 



V 




ing its slant height ecjual to three times the base radius. The cone 
is placed so that the center of the base is coincident with the ver- 
tex of the given angle AOB — 30. Then arc AF = 3/0. A sheet of 
paper is now wrapped around the cone, and the points A, li, and 
r are marked on it as shown. When the sheet is removed and 
llattencd out, the angle AVIi is one third the ani-le AOH, as shown 
in I'igure above. I-'or, si'ae Al "Sr, 

:in A li .: 3rf /..ll'/ii 

and tluis 

/_.l{7J:..zO r ( ■3. 

'1 he inshurnfut of Pascal |1. 1'). K)] is (omposed of thicc 
bais and imorporates a straight gioove. or slot, in ^vhi(il a point F 
slides. The two bars. ()E and are taken ccjual in Icngtli and 
hiu'^ed together at O. The grooved Ijar /•"/) is extended to C so 
that CE - OE —. ()E — a. To trisect a given angle AOB, fix the 
bar OE upon a side OB of the angle and move the' point C until 
it falls on the exten.siou of OA. a^ shnun in 1 i^iin' ti. Now, since 
lOCE . .'j:OE ■ : ^ imd /.OEE .[OEE 'JO. 

lAOE .. 30. 




Figure t) 

Other ffiUuics of this nicchaiiisiii are noteworthy. If the bar 
OF is lixccl, as i$ the case in trisecting an angle, the path of C is a 
liniacon of Pascal, If, instead, CI) is fixed, any selected point of 
OF (or any point rigidly attached to OF) describes an ellipse sym- 
metrical about CI). If C is fixed and O be moved along a fixed 
line CA, then F describes the cyclnjdinn anomalanim of Ceva, 
a curve resembling the lemniscate, 

'Fhe conunon pnyitograpli [-1, 0, 15, 1()] is formed from a hinged 
parallelogvam witli extended legs. If tlie Pascal device of Figure 6 

1 
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is uHcctcd in the hnvCD, the result (if the bars OF and O'Fare 
extended) is the upijal\us shown in Figure 7, Let X and Y be the 
points of intcrseetion oPthe sides of a given angle AEB, with the 
circle having E for center and EO for radius. Fix the diagonal 
groove along the bisector of the given angle and let the point /' 
move until the bars OE and pass through X and Y. The}}' 
I GEO' :rz (lAEB)/:^. Un ii is obNious thai 

rfrf X/' arc OO' = arc P'Y 

and since arc ()()' arc 

/.XEP /J'lV' IP'EY lOEO\ , 

1 he grooved bar may be discarded, of course, if some other ar- 
rangement is made to guide ilie point F along the bisector. 

Crossed ])arallt'l()i!,t(inis [S, Ij] form a trisector. Let OABC be 
constructed from lour bais, etpial in pairs and crossed. That is, 




Figure H 



OA - liC . . a; OC AH - h, with the bais hinged at O, A, B, 
ami C. It is e\i(lem that the ani^lcs at O and /i remain equal 
thr nigh all dcfoimations of the parallelogram. A second crossed 
parallelogram is joined to the hi st as shown, so that DE OC — b 
and 01) — CE — c. Generally, jLDOC ^. I. CO A. However, if 
these angles are to be ecpial, the tyfo crossed paialielograins must 
be similar and ha\e pH)portionay sides, and ionveisely so. (See 
Fi-. s;^ Thu^. if 



then 



/ DOC COA. 
(I \) ' }}/( oi . at 



Trisectiofi 



If a third cro.ssal parullclograin be joined to the second in simi- 
lar fashion, three cc\u:i\ angles will be formed at O as shown in 




0 



The bars OA, OC, OI), etc., may be extended to convenient 
lengths for the sake of a})i)carance. 
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Robert C. Yates 

Im: ART of paper folding has been transplanted into the field of 
plane geometry with fascinating results by the Indian, T, Sundara 
Row [12]. With a few assum])iions, it is not difficult to show that 
all KucUdcan plane conslruclions may he effected by folding and 
crrasiiii^ [ KiJ. 

It must be remarked here at the start that a crease in a sheet can 
be assumed straight not because two planes intersect in a line, 
but rather for the folhnx ing reasons. Let P and be two points of 
ihe paper that are brou;j,ht into coinc idence by the folding process. 
Hien any poim ./ of the crease is equidistant from P and Q, since 
the lines AP and AO are pressed into coiiu:idence. Hence the 
crease, beinn the locus of .such pointjS A, is ihc perpendicular bi- 
sector of PO [1 J, !()]. We make the three rissMnipiions: 

(a) that we may ])lace one point of the sheet upon another and 
thus cieatc a straight crease; 

(b) that we may establish the crease through two distinct 
points; 

(r) that we may jilace a given point upon a given line so that 
the resulting crease passes through a second given point^ 
This ini])lies the ability u) fold a crease oV(s;r upon itself 
or upon another. 

ISLKMKNTARV C.ONSIRUCTIONS 

\yith these assum})tions, the following exercises may be intro- 
duced into classroom activities. They \ire presented merely as sug- 
gestions. Inu'u.sied peisons will li.ixe no liouble in extending the 
list. A particularly fine medium for folding is the wax paper in- 
vai iably found in kit( hen ( ahinels. 

(1) Kstablish the (rease thiough a given point P perpendicular 

^ Wc assume the |)(»im and line ;nr so sitn:iie<l ili.ii ihts ni.i\ he .ucoinplished. 



Paper boldnig 

lo a given line L. (I'oid /- over upon ilsclf so thai the crease passes 
through l\) 

(2) F.stahlish the crease through"a' given point J pr rallel to a 
given line (Obtain two perpendieuUu creases.) 




Figure 1 

(:i) obtain the foot D of an ahiiudc of a given triangle ABC, 
Now fold the vertices /!, B, C over to L). This model illustrates the 
three basic and important theorems (Fig. 1) : 

(a) the sum of the angles of a triangle is 180^, 

(b) the line joinin;^ mid-points of two sides of a triangle is 
parallel to and equal to half the third side; and 

(c) the arta of a triangle is half the product of a side and 
its altitude. A lar^e model made from cardboard and 
Scotch tape will pio\e its world. ^ 

(4) Willi a given triangle, fold the sides over upon themselves 
to obtain the angle bisectors and the incenter. 

(f)) ^Vith a given triangle, fold each vertex over upon the other 
two to obtain the perpendicular bisectors of the sides and the 
circunu enter. 

((]) With a giveti triangle, fold eadi side over i\pon itself so 
that the ( rcasc passes through the opposite vertex. These creases 
are the altitudes whiih tneet in the orthocenter. The triangle 
formed bv the fret of thi^ aliitudes is the triangle of least perim- 
eter th.u u\A\ be iuseiibrd to a given triangle [2, 10, 14. 10]. 

(7) \\'ith a <j;ivcu tiian^le. establish the crease through each 
\(Mte\ and mid poini n[ opposite side. These creases are the 
nicdians which meet in the cemroid. 
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(8) With a given square, fold the corhcrs to the center. The 
creases form a second square whose area is half the first. This con- 
tinued process illustrates the sequence 

1/2, 1/4, 1/8, 1/1^, . . . \/2\ 

which occurs frequently in every algebra course. 

(9) With a given square, fold and crease the inscribed square. 
Find the intersections of creases bisecting the angles between the 

Figure 2 

sides of inner and outer square. These intersections are verticeis 
of a regular octagon (Fig. 2) ; or 

(10) Crease the (luadrisectors of the anylcN of a given square 
and thus obtain the vertices of a regular octagon (Fig, 2). 

The Conics 

If the word '•line" in assumption (c) be intJrpreifd to mean 
"curve," the construction of the conic sections becomes per- 
missible^ [5, 7, 13]. 

Ellipse. For the ellipse (Fig. 3A) fold a point A, selected within 
a given circle of radius r and center O, over upon the circle as at 
X. Let the crease VZ.meet OX at I\ Then, since YZ is the pcrpen* 
dicuhir bisector of AX, AP = FX. Thus OP + /IP = OP + PX 
^ OX — r, ti constant. Accordingly, the locus of P is the ellipse 
with O and A as foci. The crease YZ is tangent to the ellipse at P 
since /APZ ■ : IZPX : • /OPY insures the optical proptnly, 
Sj^iecial cases arise if A is taken on the given circle or at its center. 

•This implies the cousliuctioii of all those curves knowu as "podoidal." 




( Paper Folding 

If the former, the locus is a single point 
if die latter, the locus is a circle. 




Figuve 3 



Hyperbola. For the hyperbola (Fig. 3B) the point A is selected 
outside the given circle. The locus of P, the point of intersection 
of the crease YZ and the extended radius OX, is the hyperbola 
ha\ing O and A as foci and all creases as tangents. For, since YZ 
is the perpendicular bisector of AX, AP = PX. Thus AP - PO 

r\ _ PO r. ox - r and /.APZ iZPO. The asymptotes - 
are the creases detenuined by points X that are intersections of 
the given circle and the circle on OA as a diameter. The equilat 
eral (rectangular) hyperbola results if OA = r-\J2.. 

Parabola. For the parabola (Fig. 3C) a point O is folded over 
upon a given line L as at X. The perpendicular to L from X 
.neet.s ihc crease at The locus of such points P is the parabola 
having /. as direcirix. O as focus, and the creases as tangents. For, 
since PZ is the {perpendicular bisector of OX, OP =. PX and 

lOPZ : : / //'X. ^ 

Regular Pt)LYGONS ^ 

The foregoing examj)lcs represent only a part of the exercises 
possible b\ iulding and cu-asing. Ihe siope of this set can 
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be considerably extended if we admit a process of ''knotting" a 
paper strip whose edges are parallel [8, 9, IG]. For example, the 
regular polygons with an odd nunif)er of sides may be formed from 
a single strip (Fig, 4). For the pentagon, tic a single overhand 




Figure 4 



knot, tighten carefully, and press flat. To form the heptagon (not 
constnu lible l>v stiaighicdge and toinpasses). first tie an over- 
hand kn(Jt as in the amstruction of the pentagon, lieforc tighten- 
ing, lioweNrr, pa.ss the lead under and back through the knot. 

Regular polvgons with an even nmnber of sides may be formed 
siiuilai lyj>\ nieaii.s ol two stiips of the same width (Fig. Tj) . The 




Figure 5 
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(icxagon icsults from tying the sailor'^ reef or square knot (i.e., 
tuck the ends of cac h strip into a h)op formed in the other) . The 
formation of the uttagon is very much more involved. 
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LINKAGES IN THREE DIMENSIONS 



Michael Goldberg 

A CLOSFU HINGED chain of seven or more links in space is always 
movable. For fewer than seven links, the linkage is generally^ 
rigid. Figuie G is such a rigid five-bar linkage. However, special 
conditions may perniit motion of a hinged linkage of six or fewer 
links. Several examples are included in the accompanying illustra* 
lions, and their specifications are listed on page 162. 
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Linkages ^ ^ ^ 

The links arc pictured as rigid tetralicdra, each of which is 
hinged to its neighbors along two oj)|)osite edges (except for 
Figufe J. iK which the links are flat plates) . The length of a link 
is the length of the connnon perpendicular bvtween the hinges in 
a link. The twist of a link is the angle between the hinge axes 
in the link. 




The devclo[)nicnts of tlncc tetiahcdial links arc shown. These 
may be used as templates to cut pieces of drawing paper which 
may be folded and pasted, by means of the I'iaps, to form the 
tctrahcdia. These three forms suflice lo make the linkages A. D, 
H. K. and C. The links may be joined by adhesive cloth, prefer- 
ablv on the inside <)! ihi- links, whi u- it is Uss likclv lo uoik Uh^sc. 

Linkage .-V can be forn^ed by using two links of the 00' twist 
and two links of the twist. I.ink;i;^e D can l)o foiined by using 
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Linkages ^"^ 

uvo links of the <)0° tu ist, two links of the 30° twist, >nd one link 
" of tfie (iO^ tuist. l,ink;ig(? H can be formed by usilig six links of 
. the yO° tuist. Linkage K. can be formed by lising seven links of 
the (>0= tuist. Linkage C can be formed by using two links of the 
tuist and two links.of 120^ twist obtained by assembling the 
tetrahedron "inside-out." 

The construction of linkage J is given in an artiile by the aii- 

»Iior noted belou. 
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1 HE PREPARATION AND USE OF N0M()C;KAPHK:* 
CHARTS IN HIGH SCHOOL MATHEMATICS 

Dougliis P, Adams 

The simple alignment chart has proved a very attractive problem 
for elementary students. Some of them are delighted with its prac- 
tical value; others are pleased by the simplicity of its operation; 
a few are interested only in its mathematical properties. 

Plane geometry and logarithms are a sufficient foundation to 
carry the student far into the elementary aspects of the subject. 
A number of competent treatments of alignment charts have been 
written which recjuire no more advanced mathematics than these 
high school subjects provide. The prime need for accurate draft- 
ing of the chart once it has been worked out frequently causes 
interest in the subject to arise in the school's drafting department. 
Whether, in general, the mathematics department or the drafting 
department is the better equipped to support this interest is an 
academic cpicstion obviously varied in answer and of small ap- 
parent vahie. High school students have a way of answering it by 
themselves. ^ 

The present article touches only one type of chart among 
several, all of which are quite simple. This type, however, is enor- 
mously valuable and is without cjuestion the one which should be 
thoroughly mastered before any others are investigated. If suf- 
ficient interest is shown, other types can be treated later. 

Let us see how sim-^jic it is lo develop an alignment chart. An 
ordinal y stiuare-iiided trapezoid has been drawn in Figure lA. 
In elementary school it is cust<Hnary to turn this figure so that 
the two f)arallel sides are also parallel to the bottom of the sheet. 
These two sides are then called bases A and Ji, and we ({uickly 
show that it' a- thiid parallel C is drawn halfway between them, 

•An nli^TirrurU rh.irt is a particular t\[>e of nonioi^i aphic ch.iit. The j^ctjcujI 
term "!i<niHitir.i[)hic rh.nt" is :nf»rc uiilciv ktiouii and the luo aic frcqucnlly. 
though iin|)r'.>f)ri Iv. iisctl iritci t harij^fahU . hi this arlitlc t)iily the ali^'nnicnt chart 
will he discussed. 



Noh irraf/hic Charts 

its length will be the average length of the two and will be given 
. the fomiula C - {A -|- Vi)/ ^■ 

In ligure Hi, scales have been measured off on each of these 
three lines with zero points at the square end. Points A and B lie 
on these scales at the distances A and B from the square end. 

A 

01 13456789 10 ir 12 

i ; i i : ! / V -i-H 

' \c 

I 2 3 4 5 6' T 8 9\l0 II IE 

1 : 1 1 ; / I I i\ i ' 

I ^ : . : : -— 

01 23456789 10 II 12 

B 

r'imiics lA ;nul 

I hen ihc slaiuiug line \vill cut the middle parallel at a point 
distant C — (.1 4- B) /2 from the .scjuaie end. These iaets are 
eciually ti ue lor any trapezoid, snc h as the one shown by the doited 
line. Figure Hi shows this dotted, slanting end cutting the upper 
base at A z.- 7, the lower base at B -~ 5, and the middle parallel 
at C ' (.1 -i- /i)/Uor (7 4- . 2 . .r (i. 

Figures 2 A and 21) arc identical with Figures l.\ and Hi except 
that they have been turned vertically. Figure 21i also contains a 
third straight line and illustrates how this simple rudimentary 
alignmeiu chart could be put to use by placing a straigluedgc or 
straight line through numbers on the outside stales which it is 

12 B 
II 
10 
9 
B 
7 
6 
5 
4 
3 

t 

I 

0 

I .1; nits \t \ ami Jli 
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(lesiied to add, Oiic-fialf the suni of these numbcis is then given 
by that number on the middle scale whic h is cut by the straight- 
edge. 

Figure 3A is a more general trapezoid with two slanting ends 
and with bases A and li and a middle paiallel of length C ~ {A ^ 



A 

~2~fOl2 3 4.56 78 910 

i ! ! : I I ' I I ' - i > 




J ' l i^uics 3A .iiicl 3Ii 

li) '2. Ki.^uic ;Ui shows three jicales laid out on the parallels as they 
were in I'igure IB, with the zero points of tlie scales over at the 
left and lying on the oblique line which forms the left side of the 
trai)ezuid. As in the j)receding case, the length of the middle paral- 
lel is C .r {A + i^)/2 and ihc middle stale will he cut at ihai 
numl)ei by the slanting end line. 

In Fii^urcs 4 A and 4Ii the parallel sides have been made vertical; ' 
in Figure 4B a straight line lias been drawn through the randonv 
points A , -1. Ji 11 whidi cio.sses tlu: middle {>arallel at the 
numbei C (A /j;/L' (i Ti^r,, 
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Four tilings should be acceptable to the reader by now. - 
(I) It shoiild be clear . that if the numbers marked on tlie mid- 
dle scale are donblciU then a straight line through the A and B 
numbers lie wishes to add cuts the middle scale at the true value 
of the siuu. not at one-half that value. Figures 5A and 5B illustrate 



A C 8 A C B 




v. 

this {)oiiit and arc each complete alignment charts for theformula 
A -^^ B r-r. (; for tilcir ic.sj)cctive ranges of A, B, and C. 

(2) lie shouKl obscivc that the zero points of the three scales 
for this very siinplc than arc always collinear. I'his is proper be- 
cause, uhen A and 11 C A -4- B . 0 and the tlnec 
values should lie on a Ntt;ti;^hi line. • 

(3) He should not hesitate to extend any of the scales up or 
down through positive ur negative values as far as need be to cover 
the range of vaiiablcs which interests him. In so doing he will 
simply l>e cieating a new trapezoid uiili the same properties rhat 
the first one had. 

(4j He should leali/e thai any resliit ic:) portion of tlu: chart., 
sucli as that shown in l*i'4Uie oU. is. standin.<i alone, a perfectly 
good and usable (hart (^\en thon^^l the /cio points of the scaU-.s 
niav haj)j)en to lie oiif.sidr iL 

l].l.\>\\<\l\\l. V\<0\MVS\ (I'IC. ()) 

We wish to ha\can ali^inucnt (hart for the ccjuation A -j~ B ■ ■ 
Con which tjie .sialc nnis Innn to 10 and tlieVj-scale from 25 
to 30. How should the middle [)aiallel scale be graduated? 
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Solution. The ^-scale zero point is 5 units below the base line 
the chart. The J3-scale zero point is 25 units below the base line 
of the chart, or twenty units lower than the /I -scale. The A, U, 

A C B 

l- -f-" ' i 

8-^- —3$ 

_U --^—33 . 

-I- -^-3i -i- 

and C zero points lie on a straight line, as we observed before, be- 
cause when A 0 amlr^i 0, C A + B ~ IIcn(t\ the 
C-scale zero point is luiffAvay between the /I-scale and /?-scalc zero 
points or 15 units below tlie base line of the chart. Hence the base 
line of the chart will cut at number 30 on the C-scalc. Do not for- 
get that, to make the C-scale read the direct sum and not half the 
sum of /I -f /3, the graduations should be twice as close as the A 
and B scale graduations. 

Alternative solutinyi. The lowest number on the C-scale (on the 
base line) will be the sum of the lowest muiibers on the A and 
/^'Scales, or !^0. Gvaduatioiis arc then made twi( e as close as tlurse 
on the /I - and /{ scales, so the middle .scale runs from to 40. 

Ii,M:srRAMVK Prohi.im (Fig. 7) 

\\*e wish to have an alit^mneiu ( hart for the etpiation A B 
C, on wliicii the /l-scale runs fiom ~-10 to -f-20 and the /i-scale 
runs from -^5 to 3^). 

SoludorL We can place the three zeros of the A-, B-, and C-scales 
on a straight line parallel to the bottom of the sheet and complete 
the <hart as before, with the C-scale twi( C as densely graduated as 
the /I- and /^s(ales, and show in the completed chart only such 
vahuvs of A, B, and C as were included in the given ranges. The 
diagram will then be badly lopsided, the .^-scale hanging 5 units 
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below the end of the i?^scalc and the /i-scale rising 15 units above 
the end of the /I -scale. ' ' , 

Prrfnahlr solution. Pbn to'have the three zeros on a slanting 
line. ^I he /i scale is 10 units loi^ger tl^an the ^--scale. Plan to have 
the /i-scale project 5 uniis higher on each end than the ^-scale. 
Then the louest /j-graduaiion. B ^^ 5. appears 5 units below 
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8 
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14 

J -J -13 
—♦-12 

J -n 
-19 
-9 
-6 
-7 

• e 



i*i>;int.* 7 



AHB+3)=C 



ihc loucsi . J-o.aduation, A r :. -10. and the B zero point will be 
10 units below the A zero point. ,Tl»c C-scalc zero point will be 
haliwav between the A and B zeros on the middle scale and hence 
5 units abo%e the /J-zcvo point. Make the remaining graduations 
on the C-scalc twice .:s close as those on the A- and fi-scalcs. 

Illustrative Problem (Fig. 8) 

U e wish to construct an alignment chart for addition on which 
i!ic ./ S(alc rwns tinni 0 lo 10 and the /i-scale runs from 5 to T'. 
B is also always kj be iiu leased by three before being added A. 
'I hat is, wc wi.sli to have an alignment chart for finding the value 
of <: where C .-: ,1 + (/5 + 3) . 

Snlutinn. Suhsiiiuie B' - : /{ + S where B' runs from 8 to 18, 
bccaubc /{ ran liniu to 1"). Sohe the problem as has been done 
before for ilie relation C : - A -\- B'. Then diminish each B' gradu- 
ation Ijv :^ to iind the corresponding B graduation. Graduate only 
in B. 

I lie hniitatious of the type of chart we ha\'e just been studying 
.lie .ij.pa.cni. An aliuiuiicm (hart is always used in connection 
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uitli a fornuila uhidi, divcctly or indirectly, has practical signifi- 
tanie. Hence, the lani-es of the A and /i-.s(ales may differ very 
greatly. Snch a diagram will be very lopsided if it is made accord- 
ing to the meth(jd n.sed above. Hence the question arises as to 
whetlier the longer of these scales conld not be squashed down 
or tlie sliorter expanded or both steps taken until they were equal 
-in.ll'ngth and filled perfectly the sides of a rectangular chart of 
specified dimensions. The graduations of a uniform scale after 
condensation or exjiansion would still be uniform among them- 
selves thioughout the length of that scale but closer or farther 
apart than the graduations of a different scale which had not been 
so treated. I hus, if it were desired to reduce a scale whose length 
was -10 inches into one whose leligtli was HO int hes, the distance 
of each graduation from the zero point of its scale would have 
to be nuiltiplied by \/^. This relationship can be expressed in an 
equation. 

Let AiAj. be the distance between any two graduations Ax and 
A<. 

'Hien AxA-i — nu (A^ -j- A.^) 

i 

HiB. ~ m„ (/},/_ B,) 
• CiC = m,: (C, _ Co) 
The 'ast of tliese thn-e ecpiaticjus simply says that the distance 
AiA . between gradu.iticjtis Ai and •/;. is not given by /li — A., but 
iiy w., (.1, -- . 1 his is the same as saying that the distance be- 
tween graduations .-I, an;' ./.; is guater oi less than Ai — A. 
.u cordiiig to whetliei //; , is greater or less tlian 1. The other cqua- 
tujus make the c ni u'sponding stateinenis about the other scale.'.. 
in,i, iiin, arc each called the sc.ile iiuiltiplieis for their s(alc:s 
and cMcli will be ust-d to enlarge or i educe its scale until it just 
fills liie sp.ice a\ailable for it. 

'I'lie cpiestion whic h then arises is whether, after ihus condens- 
ing one or both ofihe ./ /is(aK-s, we can siill me an .iriaiige- 
uic iit of lun paiallc-1 ./ and /r scales with a middle paiallvl C'-scale 
to give an aligtnnent ( liai t lor theecpiatiou A -f- /< C, as we did 
aI)ovc. The- answer is that three jiar.illei scales can be scj irsed but 
the inner sc.ile will lujt be centrally jilaced. 
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l.ct .S he tlif disi.uut.- bfiwcrn the A- :ind 5-scalcs, or the avail- 
cihlc. cli.irt widili. and let Iia.c be the distance from the C-scale to 
the .•/•scali'. 

1 hen /j^ c = , ■ 

lfl,^ -|- HI It 

I'hus we know wliere ti) place the C-scale once m.i and m« are 
known. 

Ii.i ' SI RAnvK Proki.km 

We wish to lonstnu t a large alignment chart for the equation 
A _|_ B --- (: on a I'J" x sheet with about a two-inch margin. 
For various reasons we propose to condense the /3-scale by a scale 
nuiltii)lier ni„ but to kcej) the /1-siale its full si/e. so that 

///, r.^ I. Wiieie should the f.'-scale be placed? 

Solution. "Ia = 1. 

in, I U. 

Siiici- we wish about a two-inch niartrin, the distance between 
scales should be ;.ikeu as IT). Then 

5 = 15. 

,S . 711 4 

'I hen we have Iia.i' 

l/o -\- 1 

The rcuKiiniii;^ (liic.stioii is wlu'tlicr llic f.'s(.ilc will he (on- 
(Ic-iiscd })V soiiK* niiiliiplit-r in,- when /// j is diirou-iiL from //i^ ^ind 
if so what its multiplier ///r .should he. 

The roiiiiul.i for nic ( au he worked oul and will he found to he 

/// t \' '^hi 

I I M s 1 KA I IVl- PkoIU 

We w ish to ( Mosii iH t a ( h.in Iwr the I'cjuar ion .1 j- B -.^ C with 
the . and H sc ali-s ! ^ iiuhes apaii. Assume it: is iieeessary to eon- 
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dcnsf ilie /I -scale by a multiplier 1/3 and to expand the J5-scale by 
a imiltiplicr 3. Where will the C-scale lie and what will be its 
nuihiplier? 

Solutiiin. Ill i .1 / '.'>, m,{ _-- 3, S =z If), 

.V • m.i , ■ ■ . 

~'l/3 + 3 
l-i :5 

~ '^ ' lb 

~" 2 

niA ■ nin 

nir = 

vi.i -f mn 

_ 1/3.3 

- 1/3 +'3 

1 

10/3 

_ 3 

in 

Il.I.L'.SIRAlIVK PrOHI.EM (FiC. 9) 

We wish to cousiruci an alignment chart to rejircsent the for- 
rnula A B C, where A is to range from 0 to 100 and li is to 
range from -- 20 to 60. The laigcst piece of paper available is 
19" X 21" and a two-inch margin is desired. 

Solution. Let us place the A - and /j-scales 15 inches apart, and 
let each scale be 20 inches high. The -'i-scale will have a multiplier 
1/."). The scale will have a nuihiplier 1/4. 

I lull hi c ■■ 

l.'j . 

"' 1/5 -f 1/4 
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_ 1/5.1/4 
- 1/5+1/4 

= 1/9. 

The louver *dge of the chart runs through /I = 0, ZJ = 
and hence through C = — 20. 
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Figure 9 
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Illustrative Problem (Fig. 10) 

We wish to make an alignment chart which wiil fill a rectangle 
about 15" X 20" to represent the ecjuation 'hA + (ZJ — 7) = 
(C + 2) . /4 ranges from 0 to 20; h from 25 to 30. 

Solution. The given equation can be reduced to the lonn 

3/1 + Zj C -f !). 
We can make a sul)stituiion. 

Let A' $A 

B' — B 

Our given cfjuation laii then be written 

A' -j- B' C, 
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where ranges from 0 to 60; Zi' ranges from 25 lo 30, We are well 
equipped to make a chart for this ccjiiation in /I' and Ji\ 

C nearly m/ ::- 1/3 

mo' = 4 

4.1/3 
4 + 1/3 

:rz:4/13 

4+1/3 
= 15/13. 

Thus we have found wlierc the (/- (and hence C-) scale will lie, 
and have found the nuihiplier We could easily giadiiatc 
ilic scales in values of A \ B\ and C\ hut \\b\)Q lo he able to gradu- 
ate in A, B, and C, our original variables. This is df)ne as follows: 

Let A 0. 

Tlien A' :\A 0, 

Siwiv A . 0 oiturs at the base line of the chart, that is where 
0 occurs. 
Let A =z 5. 

Then A' - 15. 

.•r . on ms al ihc base linc\ and 1 j will (ucur above it 

at a disi<in(e (l/"i) l."i --^ Ti; so that is \viieie the ^raduatic;tl A — 5 
lies. All other A giadnalions can be similarly worked out. It will 
\)c found that the tweruy units of /I turn oiu to be e\enly distrib- 
uted ihi()ui;h.out the twenty units of length of tlic /I -scale, just as 
desired. Nevertheless, the sfrps taken throui!^h A' and the nmhia* 
tiQyi of m / are }nuivni(lnhh\ 

Tlic /i'^sealc is ideut i( al \\'idi the /?'S( ale anrl ofTets little trouble. 

The (/-sc.ile is found as follows: The hjwtst value of C is given 
l)v adding the lowest N'ahuvs of A and li. and c((uals U). Hence the 
l(;we!>i value oi is 2!'). " 
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l,ct us nuw tiiul. ior example, where C — 20 occurs. \. 



r 

The distance of C - 2\i above (/ — 2^ (at base line) is given by 

Ifi 

" 1:5 

y =1.21 

Although \vc have now discussed the general mechanics of Gon- 
struction and operation of the thrce-parallel-lincs typejof chart, 
we have not yet touched that particular application whibh m ikes 
it so very vahiable. The chart would scarcely be worth t^ie atten- 
tion we have given it if it could not be used for multiplication as 
well as for addition. \ . 

I 

Ilix'strativk Proklkm (Img. 11) 

An alignment chart to fill a 10" \ LV rectangle is desired for 
the ecpiation f/-F — ]V, where// runs from 1 to 1000 and V 
runs from 1 in 1000. 

U W , V 

50 • - ^ » 10 

■ --20 
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I j-uu- !1 Figure VZ 
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■% , ._ 

Solution. Taking the logarithm of both sides i)f the equation 
we have / 

^ . -iogic;-F) = iogH' ■ / 

log U -f log V = log VV. ' 
Let A = log U 

B = log y 

C = log W, 

where A and /J both range from log 1 to log 1000 or from 0 to^. 

Then, on substitution, our given equation becomes one"" with 
which we are familiar; namely 

then =: 6.66 

771^ = 6.66 . 
nia =■ 3.33 



(r).66)-ir). 

— i]M -f 6.66 

15 

"2 • 

= 7.5. 

and the C seale will lie in the cnuci of tlu- ih.u t. We wish to grad- 
uate eventually in the original variahU's U. 1', IV. This can be 
done thr(jugh the equations 

A - log r 
B = log V 
, C _ log W. 

r; us the graduaiion U - ■ 30 implies an A giadu;'li(;u; 

A - log 30 
= 1.4771. 
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The lowest A reading on the bas^e line is 

^ =s log 1 

= 0. 

The difference between the readings A = log 30 and ^ = log 1 
is 1.48. 

But niA = 6.66, so that the distance between the readings is 
6.66 X 1.48 = 9.85. 
Thus the graduation C/ = 30 occurs 9.85 above the base line. 

Illustraiive Problem (Fig. 12) 

\Vc wish to construct an alignment chart on a 15" x 20" rec- 
tangle foi tlie fot;n\ula 2U - P ■— W^, where U ranges from 5 to 50 
and r from 2 to 10. 

Solution. Taking the logarithm of both sides we have 

log[(2C/)"- =.log {W') 
log (2f/):+log =log (W's) 
log 2 + log b.-f- 2 log =1 3 log IV. 
U't • . log 2 + log U --A 

2logV z=B 
3 log W =r. C. 

Our original c'(|uation becomes one with which we are familiar; 
namely, 

A B ~ C, 

where A ranges from (log 2 + log 5) to (log 2 -f- log 50) . Hence 
the total range in A is given by (.30 -|- 1.70) — (.30 + .70) =s 1. 
B ranges from 2 log 2 to 2 log 10, giving a total range of 1.40. 

Then m.iz. 20,?//;,.^ 11.28. 

Hence 

20(14,88) 

nif -- 

20 -f. 14.88 
8.33. 
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The position of the C-scale i& given by 

. 15(20) _ 
~ "34:38 

How sliould the graduation W — 5, for instance, be placed!* 
We have 

C = 31og»^ 
= 3 log 5 
= 3(.70) 
= 2.09. 

The lowest value of W (on tlie. base line) corresponds to the 
lowest values of U and V /on the base lin^) ; hence, for W on the 
base line we have 

9.5.22=: H/3 

3.40 = W 
but C z=z 3 log W 

= 1.60. 

1 lie difference between these two values ol' C is 0.40. 

Then the distance between tlxc two readings, which is also the 
distance from the base line to the graduation W = 5, is given by 

4.12. 

I has th'j graduation W 5 occurs 4.12 units above the base line. 

I'he illustrative problems we have solved above all have about 
the same approach. The rules noted below should be followed 
carefully, 

(1) The equation for which the chart is to be made must be 
put in the simple form A 4- B C, by the use of the simple 
variables A, B C. This may leqiiire the applitatiou ot logarithms 
and several substitutions. 
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(2) The ranges for the simple vaiiahlcs A, li, C arc compiiial 
filom the vanjres of the original variables in coiijuiu tioii with the 
equations of sul)stituiion between them and the new, simple 
vuriahles. 

(3) The multipliers w„ for the simple variables A and /i 
fan now be determined since the lieight dI' the chart is known and 
tlie ranges of the simple varial)les have just been luuml in (2) . 

(4) The Imsilioii of the imier scale can now be found from 
the relation 

''A.I' - - .' » 

where S is the pres( i ibed •li.stance l)eh\een the outer siales. 
('») The )nullijjiit\r m,. can Ije evaluated from. the relation 

?//., -j- m„ 

((i) We now calibrate the scales in terms of the original vari- 
ables l)y linding the values of the simple variables to which they 
correspond and learning where these latter values would lie. 
Naturally we choose those convenient values of the original vari- 
ables which we wish to have appear on the chart. 

Il.LlJ.STRAMVi; TUOIU.KM (KlG. 13) 

U'e wish to consii iict an alignment ( hart on a 1'.)" x 2-1" sheet 
with about a 2-inch border for the ecpiation 

(fj .j."2) f'^ . ir J.. .1. 

The range of U is fiom 0 lo 2.S. I'he lange r)f T is fioiii I to ;U). 
Solution. Taking logaiitlims of both sides we have 

(1) 1/3 log (U -) 2) -j- .78 log r . 'log (ir + 4) 

A .r: 1/3 log :t/ + 2) 

li . .78 log y 

c . : log (ir I- h. 

I hen uc h.i\c adiicxcd the .m"//(/;/c fuiiii: 
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-10 



•-I 



1-igure 13 

• (2) - The range of the simple vq,tiable A is from 1/3 log (2) 
up to 1/3 log (30), or from .10 to .49.. The range of tlie simple 
variable B is from .78 log (1) up to .78 log (30) or from 0 to 1.15. 
The total range in A is .39. The total range in is 1.15. 

(3) Thenm^^r ^ 51.02 

m«= ,^^ = 17.36.' 
1.15 

(4) The position of the C-scale is given by- 



15__(51.02) 
vu -f m„ ~ 51.02 + 17.36' 

^ ==11.19. 
(5) The niuliiplier nxc is given by 

ttiA • niii 



rrio = 



m.4 -!- m„ 



- -02)^(17. 3()) 
~ (51.02 + r7".36) 

== 12.95. 

Let us find, for example, where the graduation U 1 would 



lie. 
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When f/ rrt 1, ^ n= 1/3 log (1 + 2) = .16. We sa v that the 
lowest A reading is .10, and the diffeicnce between this reading 
and the lowest A reading is .00. The dislance between these read- 
ings (or tht* height above the base line of the A graduation cor- 
responding to = 1) wull equal the product of the multiplier nu 
and the diHerence of these readings, or U 1 occurs at a height 
of (ril.02)(.0r)) — 3,00 above the base line. Other (/-graduations 
are computed in idenjical mann( r. 

It is important to systematize compulations. Once a routine has 
been set up the labor for a difficult chart will not be as great as it 
at first seems. A measuring-scale graduated in decimals is Helpful 
but not indispensable for laying off the results. 

It should be emphasized that the material in this article ris not 
intended to be a basis for teaching the subject of alignment charts 
to ihe average high school student. It should, however, prove an 
adequate guide to thosp able, ambitious, and aggressive young 
people who enjoy wrestling with ne^v problems once they know 
that a fair fight promises a liberal reward. 
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THE CONSTRUCTION AND USE OF HOMEMADE 
INSTRUMENTS IN INDIRECT MEASUREMENT ' 



Virgil 5. Mallory 

It is probably true that teachers of mathematics in general and 
those in the senior high school in particular are more inclined to 
emphasize abstract theory and manipulations than the practical 
uses of matb^maUcs. There is considerable truth in the statement 
that most teachers of mathematics consider that the only equip- 
ment necessary in the classtooni \i a blackboard, a piece of chalk, 
and a bit of string with which to draw, circles. Thar, this atti- 
tude on tlic part of mathematics teachers is detrimental to effi- 
cient teacliing should be obvious to any intelligent person. 

Knowledge of the transfer of training and how transfer takes 
place through the conscious effort of the teacher to initiate real 
life situations, or situuuons so closely related to those in real life 
that tlie student cannot fail to see the application, must cause 
many real mathematics teachers to reali/e the liccessity of using 
many practical applications of mathematics. The oft-repeated and 
justifiable criticism that a student frequently cannot apply his 
mathematics in a field as closely related to it as physics emphasizes 
this need. Yet frequently one must go to the science laboratory in 
Older to ftnd such obvious applications of mathematics as are 
afforded by studying the relative volumes of the cylinder, cone, 
and sphere through actual measurement instead of only through 
theoretically derived formulas, a comparison which should be 
made in the mathematics classroom. Moreover, it is not unusual 
to see a teacher present hoard measurement (where it is taught) 
without a single piece of board in the classroom with which to 
^show a boani foot and without any attempt to use the doors and 
d(\sk lops in the classroom actually to incasure and examiMe board 
feet. 

11ie loason for this apathy is not diflicuk to fuid* Many teach- 
ers of mailiCinatics have not had any engineering or shop training 
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and dp not know the applications of mathematics that should 
unite theoretical and piactical work. On the other hand, many 
who do know about the possible applications fail to realize that 
for the students book problems and book explanations cannot 
take the place of laboratory demonstrations and field work. This 
is a fact that science teachers understand full well. What 
is more, laboratory and field work, with the necessary planning 
and accumulating of material, is more diflicult and time consum- 
ing than assigning the "next ten problems in the book.** Only a 
real teicher is willing to expend tlxe extra time and effort re^ 
quired. 

Unless the teacher has definitely in mind the objectives he 
liopes t-o attain in presenting field problems or laboratory work in 
mathematics, the work will become aimless and lose nuich of its 
educative worth. Although no attempt wiil be made here to cata- 
logue all of them, there are definite values which this type of work 
can contribute to the education of the child, and which can be. 
readily attained'. Some of these are: 

(1) An appreciation of the reality of mathematics and, of the 
way it functions in everyday life. 

(2) An appreciation of ihc approximate nature of all measure- 
ment and of the need for the intelligent determination of 
the number of significant .figures to be retained in a final 
result, 

(3) An appreciiUion of the o!nnii)re»scnce of the ojjpovnuiity 
for error, its {)c)ssibility not only in calcula* > i but in appli- 
cation, and of ways to (li.sfo\er and avoid such errors. 

Thus the child soon learns to look for error in the calibration 
of protractors and yardsticks, in the use of fie: iblc tapes, in fre- 
quent applications of the unit (suth as the use of a footrule vs. a' 
100-foot tape in nieasuring a length) , in c arelcss reading of mejis- 
urcs, in s^alc drawing through use of a soft ncncil, and in many 
other ways. 

(4) An appreciation of the runeiion relation that is direct and 
dramatic. 

Thus the rhiUl who discovers that an erior of less than a degree 
in laying out an angle on his scale chawing may cause a large 
variation in the apparent hei.i;ht of the tiee or fiagpole has a real 
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appreciation of the facjf that in a triangle the side opposite varies 
with the angle. f 

(i>) An acquaintance with and skill in using various simple 
measuring instruments. 

(6) A liking for mathematics and a desire to learn more about 
a subject that has such interesting applications. 

When this type of work is properly ^conducted, children gen- 
erally enjoy it« Thus it provides an excellent device for motivating 
the more theoretical or manipulative work. 

Field work in measurement can be taught in every grade from 
seven to twelve. Indirect measurement with solutions by scalfe 
drawings provides a natural motivation for the general mathe- 
matics of grades seven to ten; ^ in la^c'r grades the trigonometric 
fujictions can be used to solve" problems, although the value of 
scale drawings in the actual solutions should not be minimized. 
No class in trigonometry is complete without field work. 

Entirely aside from the cost involved in providi.ig expensive 
equipment, there are both practical and pedagogical reasons why 
inexpensive transits made in the school shop or at home are better 
for classroom use than are the ready-made ones. The most im- 
portant reason is that the protractors, the working part of the 
measuring device, are seen by the child, and are not complicated 
by adjusting devices, a knowledge of which he must master, Fur- 
the;*. )re, costing less than seventy-five cents each and readily 
made in the school sho^j or at home, the instruments can b'e pro- 
vided in quantities sutficicnt for class use. ' V 

The class that looks at and admires the store-bought transit 
while the teacher demonstrates it never attains that facility and 
appreciation of measurement which can be obtained by having 
every four members of \\ class- \\ork as a crew with an instrument 
itself. The use of cloth tapes will eliminate the expense of the 
repair of tapes and instruments which is inevitable with more ex- 
pensive in.struments. Ry working in crews of four, students develop 
an cprit de corps and^a healthy sense of competition that have 
most beneficial results. 

Teaching devices for any type of school, while informal, require 
the Tnaiiileiiaiu c^ of rirdcMcd discipline, (llass iiistniriion covering 
every detail of the work, the assignment of pupils to crews, the 
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rneasineiiients to be made, the scale to be used, and what euth 
crew is to do ^^•hen its nieasuvetneiits are completed shouM be 
given before tlie t luss leaves the classroom. The measurements to 
be made should be conlined to a limited area so that the teacher 
can easily oversee the groups and give the necessary individual 
instruction, There will be more of this instruction and correction 
of procedures for separate crews the first time the class goes out 
than later on. 

As far as possible each crew sl\v)uld be com[^osed entirely of boys 
or entirely of girls. 7*he teacher should make certain that everyone 
has a chance, at some time or another, to experience all the tasks 
from sighting the object to using the tape, F.ach menU)er of a 
crew sliould have a notebook in which he makes a freehand draw- 
ing of the problem before leaving the classroom and on ^vhicli he 
places the measurements as he obtains them. 

To be most successful t)ie held work should be preceded by 
lessons in scale drawing so that the students will acquire the 
ability to transfer ili^eir notes to a carefully made scale drawing. 
Practice should also be ^iven in changing measurements to the 
.scale agreed on. Thus if the scale is 1 : 20, how long a line on 
the paper will be rcj)rcsented by admeasurement of 93' fi''? 

In making the scale drawings the most satisfactory method is 
for eaih student to be provideil with a sharp, hard penc il, a com 
pass, a ruler, a protractor, and an inexpensive diawiug set. 1 he 
drawing set may (on.sist of a drawinv; board (about M'' x 18'' or 
larger), a T-square, a 45°-right triangle, and a fiO^-righ^ triangle. 
Such equipment, made of wood, may be bought at little cost from 
school supply houses or may be made of plywood in the scluml 
workshop. 

Each crew should have a homemade school transit provided 
with both vertical and hori/otital protractors, a 2.^)-, .^)0-, or 100^ 
foot cloth tape (sometimes obtainable in 5 and 10 cent stores), 
and lialf a (h)/.cn \//' x (>" dowel sticks (obtained in a hardware 
store) for the head tape nian lo mark the point where the end of 
the tape (onu's and tor the rear tapc-inai) ''j pick up. The num- 
ber of iliese dowels that the rear tape-man lias at the end of a 
measurement will tell the munber of limes the full tape measure- 
ment is containt^d in the distance measured. 
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KvcMi if drawinj' boaul, 'r-scjuavc. and triangles cannot be ob- 
tained, ilie project need not be given up. The next most satis- 
factory method is to use large sheets of graph paper. The grid 
lines will furnish perpendicular lines and measures to aid in the 
construction. Graph paper ruled ten lines to the inch is also co^j- 
vcnieni to use in making measurements to tenths of an inch^and 
cstimaies to hundredths of an inch, always a desideratum in cal- 
cnhitcd resuhs. 

I'm-; IIoMKMAmc Transit 

'iyjws of jnohlrffis. Ihc foUo^ving five problems^ show the 
types that can be solved witli the homemade transit. In each case 
ilir siiulcnr slinuld solve, by scale drayving. a simUar problem so 
that lie may know how to proceed with his solution as soon as 
he has obtained the field measurements. If the class has studied 
the trigonometric functions, that method may be used as a check • 
on the drawing. The teacher sliould know the answers to the field 
problems but obviously sliould not indicate them to any crew un- 
til all have completed ilieir work. 

1. Find the height uf the school fhigjjole (or a tree of the school 
building). 



The ]H<)l)lem involves measuriMg. with the vertical transit (Fig. 
1) , .Oiole a, and with the tape the distance AB, and the height Cli 
ol ih(^ transit, and is s()lved f)y making a scale drawing of a right 
triangle. In measuring Ali it should be noticed that the line AB 

M'i<j|)l(inN .nj(l (li.iuiiP^s t-oin M.iIUmv. Watiinnatics fur Fvejyday AfjaiiA, used 
hy peiinissiou uf ihc puhiiuhoi. HiMij. H. S.mhoin and Co. 
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is horizontal and docs not follow* tlie contour ot the ground. In 
tneasming the height of the transit, notice that this is not taken 
at AF, hui that a pupil determines the point B at which the 
• horizontal line Ali intersects the pole* The Ilagpole or tree should, 
in this pnjhleni. he on horizontal ground and perpendicular to 
the ground. Similar prohlenis using the right triangle in either 
the xeriital ni the iu)i i/c)nt;iUl)lane can he easily devised. 

2. A surveyor wislicd to find all the dimensions of a triangular field 
which iuihuli'd [KiVi a swamp. He aLso \vishcd to know the pcr- 
pcndii uhir ilisuiiue lioni A lo liC (AD), He can measure angles B 
ami C wiili his piDuai ior and liC with his iai)e. (See Fig. 2.) 




I'igiiic 2 



1 hiN pinhUiu iii\iil\r.s ilu' sohitioii of an ohlique triangh\ 
i>i\tMi luo anuK^ .iiid the included side. The horizontal protractor 
oil the tmnsii i.s liscil in uuMsuring the ajigles. A scale drayying 
sohe.s the prohleni. 

Nainial icnaiii h)i ihe problem woiihl. of couise, he a swamp, 
a pOMil. n] .1 u(u»(ls wiih ))()int A niaiked by a tall tree. Lacking 
tht^se, an imauinaiv .swaiiij) or pond can he used or a point A so 
far away thai its (ii.st.uue is more easily found by measuring the 
parts indicated above than b\ a diret t tncasurement. 
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3, Two boys swam from a point on ont» bhore of a lake to a point on 
the opposite shore, and they wished to know how tar tney had 

. hwum. 1 hey found it by measuring AC and liC and angle C. 

This problem involves the solution of an oblicjue triangle, 
given two sides and the included angle. The horizontal protractor 
on the transit is used and a scale drawing solves the problem. 

Instead of measuring the distance AB across a^wamp or lakifi 
(Fig, 3), the distance AJi through some school building may be 
measured. The distance through a small hill or woods can also b^ 
used instead to ^how ho>v such distances may be measured. 

4. Some Boy Scouts iiad a camp (C) in the woods. They knew that 
town A was directly west of camp and 3 miles from camp, thai 
town B was iy^ miles from camp, and that the distance between 
A and B was SV^ miles. 1 hey wished to find the compass bearing 
in larder to go direcily from C to /i, knowing that the direction was 
something east or west of north. (See Fig. 4.) \ 



B 




Figuxe 4 

This problem involves ihe measurement of three sides of an 
oblique triangle. Practical problems of this kind are not as easily 
found as in the other cases. The solution is, of course, by scale 
drawing. 

5. A surveyor wi.shed to find the height above ground of a church 
spire. He found it by measuring side AB and angles A and DBC. 
(.See Fig. 5.) 

This problenj involves an oblique triangle with two angles and \ 
the included side to be measured and the solution by means of a 
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scale drawing. Any situation 'where a building has a tower or a 
cupola set back from tlie edge of the roof is suitable. There arc 




many modilications of this problem: (a) At the seashore or at a 
lake (or un a level plane) to measure the height of a cliff or 
tower frrtni which observations arc made by using the angle of 
depression of two buoys or other objects in the line of sigh^. and 
'a known distance apart, (b) In (a), to find the distance apart of the 
buoys or objects when the height of the cliff or tower is known, 
(c) To find the licight of a flagpole on a hill by measuring AB 
and the angles of elevation of its top from points A and B and of 
its foot from cither point A or B. 

How TO Make a Simpkk Transii- ' 

The table top. Figure 6 shows the 
table top of the transit/It is a piece 
of wood (three-ply wood is best) 
12i/| inches square and ^ inch 
thick. Draw a circle with 5-inch ra- 
dius on this. Drill a s^^inch hole 
through the center and drill and 
countersink six '}^Q-inch holes 
spaced as shown at C in the draw- 
ing, ^^'^i^^'^ 6 

•Take!» from NTailorv. \\ S. Mnthrrnatics for Fx'erydny Apnirs, hs pcvniission of 
the puhlisher. lUnj. H. .S.inhorn and Co. 
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'Ihv. logs lur iliv ii.m.sii arc liiice clcnvcl .sticks, .'ir, inch in iliani- 
c'U'i ami ;{ led long. l Uey l an he obialncd at any liaulwnre store. 
I'iymc 7^>li()u> liow oni- ciul ol ilic iloucl .siit k is sliajieil lo be 
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iiUailuHl ic) tlir ijhic iu|). I'iuuu' S slunvs how ihc Ic^sart? ailachcd 
to the tabic U)i> hv means of l-inch by 1-iudi angle irons. Use 

'r'j^^li by Viirincb fiai-head siove 
ii) iasicn \\w legs to ihc angle 
iinus and table top. 

77/r l))otr(icloi\ Glue 

a paper pioirattor (Fig. 9) to a 
piec e 1)1 heavy eaulboard or pressed 
u(.)nd 12-inibes scpiaic. You can 
make the pi oti actor tVoni polar co- 
ol dinaic paj)er, Mark it from O'' to 
bNH iu ea(h direction. Drill a hole 
wiih :» j-iiuh diameter in the center 
as sho\vn. 

Ihc poiiitci is ;i I.J iiuh (louel Ntiik /Ti-. 10) with one end 
sharpened a.s shown. Tliis fiis in the 
i.j-indi hole drilled in the :j:j-iTuh 
dowel siitk slunsii in li^urcll. At 

a sircw eye is placed Uj attach a 
lead sinker for a plumb IkjIi. riu- 
(•omj)leted tr;.usit for mcasui in^ 
hoii/ont^d angles is shown ii. Fi^- 
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77?.' i crhcni prolrac fo)\ '\\^ nieas- 
mc (he anule of dcpiession (,r ilie 
an.i;le of ek\ation In findin-^ the 
height of an objeii a veitical pm 
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Filiate 10 



Figure 11 



tractor, shown 'in Figure 13, replaces the horizontal protractor 
and pointer. A seniicircular protractor marked from 0° to 90^ in 
both directions is glued to a semicircular piece of stiff cardboard 
or pressed ;\'ood and a ^lo-inch hole (A') is drilled as shown in 
Figure 14. At li are screw eyes to be used for sighting. 




Figure 12 



This protractor is fastened at A to the s^-inch dowel stick 
shaped and drilled as shown in Figure IT). The drawing in Figure 
16 shows the details of fastening the protractor to the dowel stick. 
A sinker hung hy a string at 
A • (Figuie 18) acts as a 
plumb bob to enable one 
to read the angle of eleva- 
tion. Figure 17 shows a i/^- 
inch dowel stick used to 
support the upiight, (See 

E. Figure III) y,^,,,^ 14 




ERIC 



I 

192 JLighteehlh Yeurhook 

Other Devices kok Indirect Measurement 

Other homemade devices for making indirect measurement are 
perhaps better known. 



II' 



V I-i^me'l.') 




An i.sosteks right triangle of cardboard held so that on.c leg is 
horizonial and so that the hypott'iuise can be used as a sighting 
edge gi\e the height of a tiee when the observer stands at a 
point \vhere the Une of sight imeisects the tree toj). 



Figure 16 Figure 17 

The measurement of the shadow of a yardstick and of the 
shadow of a tree at the same time will give the data necessary to 
determine the height of the tree. 

The use of the geometric square, cross-staff, 
drumheads, a wooden right triangle, and other 
historical devices,^ not as obvious in their ap- 
plications, can also be used for indirect meas- 
ureivcnts, as can the hypsometer and clinom- 
eter."* 

The plane table,^ merely a drawing board 
mounted on a tripod, and with some kind ol 
sighting arrangement (an alidade; it may be 
only a ruler with two pins mounted for sight- 
ing), is an excellent device for making nia}xs 
and determining inaccessible distances and angles. It is frequently 
used by the United States Army. 

'«Scc Mallory. V. S. AVa» Plane Gcomrt {Nexv Ildilion), pp. .'530-33G. Bcnj. Il ' 
S:*nl)orn and Co., Chicago. 1943. 

*Scc Sclnisiei. C N. and Bedford, F. L. fielil IVark in Mathematics, American 
Bo(/k Co.. New York. 1935, 

^Ibid., pp. 59 or Mallory. V. S.. ^'ew Plane Geometry (New Edition), pp, 372- 
373. Bcnj. H. Sanborn and Co.. Chicago. 1943. 
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This ly[)e of work is probably more diflicuk to arrange ii> the 
lari?er city high si liools than in suburban or country schools where 
outdoor facilities arc readily obtained, But even in a city high 
school the ingenious teacher, through the use of tlie classroom, 
corridor, auditorium, phiyground, or park, can accomplisli a great 
deal. 



A CLASSIl ICA'l ION OF MATHEMATICAL INSTRU- 
iMKN'lS AND SOURCES OF THEIR PICTURES 
/ 

Henry tV. Syer 

Teachkrs who wish to enliven their mathematics instruction 
and make it more practical will welcome mathematical instru- 
ments which can be used lor this purj)ose. However, there are so 
many hundreds of different machines that it is impossible to col- 
lect them all. Moreover, many of the inter^ting historical models 
are available only in large cities or at great expense, Therefore, 
the following list of illustrations of mathematical machines has 
been compiled, 

vPictures should not be considered a substitute for the machines 
themselves, ^which should be brought into the classroom and 
given to the students to manipulate and examine al first-hand an^ 
as often as possible. Pictures should be considered a method to 
incj-ease the total number of instruments with which the class can 
become familiar. I hey can be used in everyday instruction as" the 
sources of problems in geometry and algebra, as correlative mate- 
rial fox^outside projects, fot club progranis, and for bulletin board 
displays.^ 

The final classification of mathematical instrnments given at 
the end of this article is complete and elastic enough to itu liide 
any future instruments. which may creep into my file. The sources 
of pictures listed, however, include only pictures lar;;e enough to 
be of use in the classroom. ^ ^ 

Plans for Future Devklopment 

There are two ways in which these pictures of instruments can 
l)e made available to high schools inexpensively. First, photo- 
graphic, planosiaphic, and photostatic reproduciions could 
easily be made hirgc enough for schools to mount on bristol board 
and keep in the art collection or mathematics office to be circu- 
lated to the teachcis. The second nieiht)d is c\ch less expensive 
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and calls for plu)ioi;i aphing the piciurcs in convenient sets on film 
strips which can he projected. One set of these film strips has 
alieady heen conipleied and is now on sale.*- 

The first of these methods has the advantage that the picunes 
can he arranj^ed in any order, can be used by niany students or 
classes at the same time, ind can be left on pern)anent display. 
The second inei!u)d» however, has the advantage of very inexpen- 
sive duplication, easy control by the! teachers, and the possibility of 
being seen by *i large group at one time. 

Concise, accurate descriptions of the history and use of the 
machiiu's. looether with their methods of operation, should ac- 
company either tbe set of photographs or tlje iiliiN strip. Care 
must be taken tluit^ in an atteit\ipt to bt complete, one docs not 
make tlicse dest ripiions abstruse, Tiwy should be simply worded, 
and shouUl uivi- only essential information for (juick understand- 
ing by >e( ()n(l.iiy N(hool students, 

Lisrs pF Sources 

lluue ari* two thief sources of pictures of mathematical instru- 
ments: tir^r. museums, conunercial itrstrument companies, and 
pri\atc coHci (t)i s: srioud. books on ihv hisioiy of maihemaiics in 
geneial or on ( alt iilaiinn mat hines in pai iu iilar. Hiese will be 
foijnd in the bibliography that foUovs and in the list of abbre- 
viations uu.tltM the t lassifit alion of insiiuments. 

Rki-kri:nc:i;s 

}.. Cinahimu* of Smitli CIollcci ion of InstMimeiits, The Iiuhistrial Museum of 
New \ oik. I\hil»it of Tally Astronomiial and Mathcmiuical Instruments, 
IVbiuaiy. Vm. 

2. ClaCilomic Ollitid <it s (lollrdions du Crni^nvatoirc National dcs Arts et 
Metier^- Tioisirinc Fast iculr. Paris, HlOf). 

3. Oaialoguc'dr la (iollcition Mcruifor- Instnuncjds dc MatluMnatitiucs An- 
(ionus. IVnis. , « 

•I. Asi'i I V, John. .7 I nohini^ Class frt) Srn-Mrn. London. 1078. 
5. Haknako, K. W I lie C.ii\tiriii Cotnilrr nud the Counting Board. Oxfoi<l> 
1916. 

• M.ithfin.tcij .il lfis( nimnits S<'i ics. Soticts ff»v \ jMi.tl Kdiu ii ion. liu.. KlU K. Ohio 
SUrcl. (;hit.t.;<». III. 
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6. Baxamjai.i., D. Mathematics L CaUulatitig Machines and Instruments, 
(liualoguu of the Collections in the Science Museum, South Kensington, 
Kiiglaiul. London, 1926. | 

7. BmiNi. Appiaria. Bologna, 1641. 

8. BioN. Le S. N. Traill de la Construction et des Principutix Usages des 
luurumcus de Mutht^motifjue, Paris, 1725, 

9. BoiTON, L. Tirne Measurement, New York, 1924. 

10. Brodktskv, M. a. a fijst Course iv tomography, London, 1920. 

11. Cajori, v. a History of the Logarithmic Slide Rule, New York, 1909. 

12. CoLswoRUi, M. B, The F.volution of Calendars, Washington, 1922. 

13. Con-FiGNAi., Louis. I,es Machines H Calculer, Paris, 1933. 

H. (Iovm:. Ai ukrt. "Vahie of Nomographic Chans in the Teaching of Phys- 
ics." Sili^xd Science and ^hathemotics, Vol. XXW'II. 6. 323. January, 1937. 

15. I).\v, Ci !vi.. History of Cohimrne, 192G ed. p. Ibil 

16. Dn.AMAi.N. F icHARn. Gratnmelogia, London, 1630. 

17. n'OcACNF. Pini BKRT MAt'RiCK. Calcul Simplifi^, Paris, 1905. 

18. . Tiatlt^ de A'omographie, Paris. 1899. 

19. DvcK. W'ai ini R. Kalalog Maihemat Richer und Mathcmatisch Physi' 
kolnhcr Modelle, ,'\ppnu\te und lfi.\lruniehte, Muiiidi, ISi)2, 

20. KcKKRT, W. J. Punched Card Methods in Scientific Computation. New 
York, 1940. 

21. Gai.ii.':i. Gami.eo. At? Operaxioni del Compasso Geometrico et Militate, 
Pudua, 1606. 

22. (iAiii\ A, Maihematiuhe Instruvrente, Leipzig. li)I2. 

2:\, CiiNMU PG, fi Ki THu i.. Astrolabe, The Indusuial Museum of New 
York r.\hihit of Larly Astronomical and MalhtMiratical Insiriinienis, 
I'Vbiuary, 19;U), 

24. GuNN. Samlkl. Treatise of the Construction and Use rf the Sector, Lon« 
don, 1729. * 

25. Gu.snn R. R. T, Chnmer and Mrssahalla on the Astrolabe, Oxford. 1929. 
, I'Mrly Stieiur at Oxjoul, Part 11. Matlicmaiics, Lontlon. 1922. 

27. . Historic !nst)utnents for the Advancement of Science, London, 

1925. 

28. llKAniKR. J. \', Mathematical Instruments, London, 1869. 

29. IIkathi r, M. ,\, Mathematical Instruments^ Their Construction, Adjust* 
mrnt, I'rstjni:;, ayid Use, London. 1871. Vol. I, Drawing and Measuring 
Instiuiiu rus. \'ol. IL Optical Instruments, Vol. Ill, Surveying and Astro^ 
iiomical Insii unicnts. 

30. IIiRN. Cf. A. Thvone Afialytujue Elementaire du Planimelre Amsler, Paris, 
J 875. 

31. IloRsarR(.H. L. M. Modern Instruments and Methods of Calculation, 
London, nil \, 

32. jACoii. L. Calcul Mecanique, Paris, 191L 

33. Lachmann AM) RuDoiFK. iiromatici Veteres (Vol. I of Blume, Lachmann 
and Ruiiolff. Die Schnften der Roinischen leldme^ser), Berlin, 1848. 
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34. I^ncastcrJones. Geodesy and Suiveyiu^, Catalogue of the Collections in 
the Science Museum, Souih KcnHington. Kiik1*iik!. L.ondon, 1925. 

35. Lk Clerc. Traits de Giomiirie. Paris, 1G90. 

36. Lekciiman. J, D. and Harrington, Nf. R. Siring Tteconh of the NorUh 
west, Indian Notes and Monographs, 1921. 

*37, Lkibniz, G. W. Machina arithmeiica in qua turn additio tantum ef Kub- , 
iractio sed et multiplicatio nullo, divisio veto pavuv uullo (Uiimi lahtne 
peragiintur, 1685. Published in Die Zeiisihriji fih'-l'rrmrssuugsxrfSfnu 1897. 

38. Lknz, K. Die liechenmaschinvn und dis Mas( hiticum huryi, I,oi|)/if^, 1915. 

39. Leybourn, William. Art of Numbering by Speaking; Rods. London/ 1667. 

40. LtPKA, Joseph. "Alignment Charts/' The Mathematics Teacher, April, 
1921. 

41. l^ocKK, L. Lki.and. *'The History of Modern Cidc uhuiiij; M;uhiiuvs. An 
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ClA.S.SIFICATION of MAniKMATICAL InS iRU.MKM S, Wl lH SoURCKS* 

In the following classifi^iuion will' be found the name of the 
in^ituinient, followed l)y a few selected sources of pictures large 
enough lo be of use in the c lassroom. 

Sf(::tion I. Mkaslrkm'knt Instri'mfnis 
Part A, Laboratory Instruments 

1. I)is<rete Units 

Hand Couiuer-Cleiuo Cai. • 

Hand Multi.C:ounier- (67:8.1i. Mul, CJouiuer 2) 

rhoto Klcctric C.'ountcr 

'lest S(orer-Intcrnational Clat. 

2. Length 

Canibfv Oiiiipai ntor- ■ 1.^)) 
r.le( tn)liniit »' ionip.u atoi ■ P W* 
C.ilipers -C:eruo Cat.; ]\. k Cat. 

• Ahl>K \ iaiions iinciI: 

(L'ilil.'i — Wool 2 (•! I^il)llni;j,i]i!l\. p.i-^c LM'>. ^ ^ 

((57:8.2 Mill. Connlfi. p. li) ~_ Wnuk 07. scdion p.iit eniiticd "Mul. Coun- 
ter," page 2. 

B A* S, — IJiouue and Shaif^e Co., IM cu idem r. R. I. 

Cnini Cil. r: C.H#*lr)i^ of Uu? CriKr.iI Scifiuilic Ct\ , (:iiir:ii»o. III. 

C«'in|>. r- l-setl in "I icin Ccinj. ' lo nu-an piViinc supplied \)\ the inaruif.iciuiei . 

Imeinational C.it, - - C.t.iloj^ t.f the hitfi iialir.nal lousiness Machine Co. 

K ^- F. — KcwITlI atid I sscr Co.. Now Voik Ciu. 

O.. nOStOIl, .M.ISS 

M I *r. V- Massaihnvcfi^ Iiislil:itc- of rejhnoh.-v. Camlnid«^c. .\tass. 
r \V • : Pi.itl and Whitney foolniakos. Haiifoid. C.mn. 
I"<'!i.'dj) zir. l oh-dn'Si .»U s Co .n ok«lo, Ohio. 
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Micrometer Screw-Ce PC o Cut.; B. & S. Cat. / 

Spherometer-Cenco Cat. /i 
S. Mass and Weight 

Historic Sets of Weights 
Money Changers Weights- (52:123) 
Pile de Charlemagne-- (2:233) 

Analytic Balances 
' Balance de precision- (2:248) 

Modern Analytic Balances-Cenco Cat. 

Commercial Scales-Toledo 

Retail Scales. Metal Chart. Postal Scales, Brine Solution Scales. Platform 
Scales. Oil Barreling Scales, Counting Scales. Paper Ream and Box-board 
Scale, Yardage Scale. Motor Truck Scale, Double PenduluM Principle 

4. Time 

' Clepsydra- (45:49) 
Lamp Timekeeper— (45:54) ^ ^ 
Sun Dials 

Ancient-. (66); Pillar Dial-- (66); Modern- Cenco Cat.; On Gema Build- 
ing, Graz; English; Cluster of Sun Dials at Bedales. Sussex, England; 
Pocket Sun Dial-^(3); Brechte's Pendant Sun Dial (26:136) 
Calendar. CofTui Lid of Tefabi-/^/^, Vol. XVIL 

Business Time Printers-International Cat.- (67:8.1. Int. P.S. l)-Clock 

Systems. International Cat. 
Stop Watches-Cenco and International Cat. 

5. Speed and Velocity 

Speed Indicator-Cenco Cat. ' 



I. Surveying 

Groma--So. Kensington Museum (52.236), (54:124) 

Baculum- (55:347). (52:237) 

Range Finder- (55:363). (2:71) 

Scmi-cinlc- (35:205) 

Quadrant^ (52:234. 240). (55:352) 

Plane Table-- (52:2 lU). (2:57). K L Cat.. (34:208. 215) 
Circumfcrcntoi- (52:248) 



Level- (52:230). (8). (2:()^>). K J^- I. C.it. 
Leveling Rod-K k E Cat. 
Surveying Conlpass— K ft E Cat. 
2. Navigating 

The "Bo\ve"--(4:86) 
Sextant-- i;2:9y). K k E Cat. 
Ship Log-K W Cat. 



Part B, Af)plied InsirumetUs 




Museum- (2:52). (2:54) 
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Nautical Compass-^K W Cat. 
Sounding Machine— K W Cat. 
Artificial Horizon— K W Cat. 
Course Protractor 
Pelorus-K W Cat. 
Current Meter-K W Cat. 

Anemometer— K W C^i. ^ 
3. Astronomy 

Celestial Giobe- (52: 17). (55:365), (2:77) 
Nocturnal- (26:276) 
Volvelles \or Aequaloria)- (26:242) 
Orrery- (26:258) 

Asirolabe^Chaucer's Time. (55:348), Italian 1558-Front (23); Back; 
Front. (52:242); Back. (52:243); Front, (55:349); Astrolabe de G. Ar 
stnius (2:80); Use in Mensuration (55:349); Use of (60) 

Aniiillae-(26:148) 

Section II. Calculation Instruments • 

Part A. Graphical Methods 

1. Drawing Instruments ^ 
Proportional Dividers— (8), K & E Cai. 

Sector Compasses- (52:338); (52:342); (24:frontis.): (35:207); (35:208) 
Parallel Rules^ (8). KwJ:^. 
Pantograph- (8), K & E <^&^^ 
Equal Division InstrumenP=Tr9:18) 

Conographs-(19); Ellipsograph (2:37); Parabolagraph-- (31:269); Circle 

Divisor (2:39) 
Co-ordinator- (31:269) 
Perspective Instrument— (19:239) 
Trace Computer- (19:164) 

2. Nomographs 
\'crnier Scale 

Plain Scale- (4: 159); Gunier's Scale (8) 
Oughtrcd's Circles of Proportion— (52:316) 
Ali^^nment Charts- (10, 14, 17, 18, 40, 44) 
Nctwdrk Charts- (same as Alignment Charts) 

3. Lengths of Curves ^ 
C:urve Measurer- (22:65) 

4. Areas 

Pianiinctcr Disc P— K k E Cat.; C^orodi Precision Disc Planimeter— 
(6:70); Polar Planimeter-K & E Cat.; Am/sler Polar Planimeter- (6:64); ( 
Hoy's Polar Planimeter- (6:66); Rolling Planimeter-K 8c E Cat.; Pla- 
nimeter (46:72); (31:200. 203): Radial Planimeter, K & K Cat. 

Integraph— Amsler Integraph (6:65); Amsler's Integraph— K 8c E Cat.; 
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Corodi lntegraph~.K & E Cat.; Boy's Curve Drawing Integrator- (6:65): 
lntcgraph^(46:l46); Integraplv- (82:66); C\n6 Intcgraph-M.I.T. 
, Integroraeter^Hcle'Shaw (31:189/. (46:96); Integral Computer- (19:199 
or 200) ^ 

Part B. Slidig Rules 

Linear "Slide Rule-- (52:348); K 8c E Cat.; Cursors on Rule-- (31: 170) . 
Circular Slide Rule- (31 : 163); K & E Cat.; Pocket Slide Rule- (31:175) 
Cylindrical Slide Rule (Thatcher)- (31: 174); K & E Cat. 
Continjuous Slide Rule (Paisley)- (67':4.2-Paisley. 1) 

Part C. Solving Equations 

With Balance«--r32:132) 
With Liquid.s~^:^::135) 

Isograph-From Bell Laboratories Record, Vol 16. No. 4, December, 1937. 
pp, 130-140 

Differential Awd^scv-Kncyclnp^vdia Bntanniia, 14ih Ed., Vol. 4. p. 548 
Wilbur Analyscr-l iom M.I.T. News Service 

Harmonic Analyser-Michelson and Stration, (6:74): Michelson and Siral- 
ton, (22:149); Ilenrici, IL A.- (6:71); Henrici-^Cuadi- (22:141); H, A. 
(19:214); A. (46:166): H. .\. (46:170); Tide Predicting Mach,-- 
- (31:251) 

Part D. Business Machines 

1, Early Methods 

Chinese Bamboo Rods^ (54:96) (54:140) 

Korean Uoiie C>)niputing Rods (5r):53) 

Greek Wax Tablet- (56:50) 

Finger Reckoning-^ (52:77) 

Re^lettes dc Grenaille-- (17: 15): (32:8) 

Tally Sticks- (52:26); (55:193) 

Ah.uus- Salfinis ((;rfek) - (55: nil';: Roman (Hroii/u)- (5ri:51): LNe of Ro 
man (67:4.0. Mult.-Div. 2); Chinese (6:10); Modern Chinese- (56:54): 
Modern Japanese (55:173); Modern Russian (S'Choty)- (55:176); Chi- 
nese (57:26); Japanese (57:26): Roman- (57:25) 

Knotted Cords- (11) N. S. American Quipu--(42) 

Napier's Rods-- (52:339); (6:11); (67, 4.0^Muli.'Div.--5): C\lindrical Form 
^(6:12) 

Piodurt Table-Ready Reckoner (G7. 4.0, Mult.-Div.^ 18) 

2. Adding Machines 

Pascal (11)42) -First Machine wiih "Ciarry Principle"- (.^)2:351). (62:11). 

(2:180). (67:4.0. Mult.-I)iv.-7) 
Leibnitz (l(i71)-.Steppcd Drum Princ iple- (61 : 1 32). (67:4.0. Mult.-Div.- 

7), 1:67:4.3. Calc. Mach.-3) (67:4.3- Calr. Mach.— 1) 
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llioiuasde Coiner (1820)-l'irst Cummcaial Mfgr. Ariihmometie (2:184), 

Arithmomeier (6:20) 
leh (1887).-Touth Machines. Principal of Touch Machim; (13:11): 

"Mataroni.box" Model-^ (62:52); First Comptometer- (62:56); Comp; 

tomcier, Karly Form (6:27); Comptometer Uey-controUed; portion show-' 

iu}r mechanism (6:27, 28); Mod. Outside-From Comp. 
Addition-.Subtraction Models. Add-Sub (1842) (2; 182); Underwood lO Key 

Machine-From Comp; +, x Calc. (lJurroughs)~From Comp.; f, — 

Printer (Burroughs)-From Comp.; Bur, Pruning Adder (67:3.21. Simp. 

Reg.^21) 

.Speciiii "Plus" Model^Ten register machine (67:3.12; Plus p. 4) ' - 
3. Calculating. Machines 

BoIIc^e (1887)-First Direct' Multiplier. Machine k Calculer (2:189); Plan 
(62:186); Principle (67:4.3, Calc. Mach.^16); Principle (17;74). Princi- 
pre (13:40) 

Millionaire Machine (1893). Millionaire Calc. Math. (6:28); Working 
-^^)iagrams (66:4.3, Calc. Mach.^17); Plates (67:4.3, Calc. Mach.-17) 
AciiveMnd Inacti^'e Pin Principle. Front Elevation (67:4.3, Calc. Mach.-- 

8): Brunsviga Mach. (67:4.3, Calc. Mach,-7): Brunsviga k Interior (6: 

22); Connection Power Machine (67:4.3, Calc. Mach.-^12) 
Proportional Gear Prrnciple. Diagrams (67:1.3, Calc. Madi.^lS); Mar- 

char.ts- (From Comp.) 
Proportional Rod Principle. Diagram (67:1.3 Calc. Mach.-ll); Menedes- 

Euklid Calc. Madiines (1910) (6:29) 
Miscellaneous (Calculating Machines 

'Moreland (1066)- (6: 14, 15) 

Sfanhope (1775-1777). (6: IS) 

Arithmaurcl (1844). (2:186) 

Barbour (1872)- (62: 180) 

Roth (c. 1888) (2:187) 

lYlwbiihef Multiplier (1893). (2:187) 

Madras (1920). (6:30) 

Moiuoe Calc, (1923)- (6:30) 

l.'nitas (1925). (6:21) 
(::il(ulating .Madunrs. Fjnyilofm-dui Ihiiaunica, I4ili Fd., Vol. 4. p. 548 
. Advanced Machines 
Recording and Listing Madiines 

Early Felt (1888)-- (62: 1 19) 

Burroughs Early (1897)- (6:2*1) 

Accounting Machines. Underwood-From Comp. 

Burroughs Bookkceping^Froni Comp. 

Burroughs Typewriter Cnhulaiar-From Comp. 

Hurroughs Multiple Form Writer-From Comp. 

l-ndcrwood Double Automatic Feed Billing Mach.-^From Comp, 
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SuuiMii.il M;uhiiK*s 

Rciningion Uaiul IMiiuh-lium Comp. 
Rcniingiun^aiul SoMct- Kiom Coiup. 
RemiiTgioii Rami iMiiuci- FiDti^ Comp. ' 
RemiiigtviU'Raiul Multiplying Puiuh- I'lom Co 
Tabulaioi (rartl all puiuhed^^ (20:7) 
Soiling nuish id Card 'raljiilaiot-(20:ll) 
' AutomaiiL Pliigbcjany^ (20:14) 

DilFcrciKc Knginc j/ ' 

8chcuu (1858) anclS;;iu'clwork-- (6:33) 
Miscellaneous Advanced 

Lightning Cashier-- (07: iiSj; L. Cal.-~1) 
Burroughs Cash Ri'gisicr (2|— From Comp. 
Payroll Mai-JyLnu,— InicrnatiAnal Cat. 
l*ari-Muiu<'l Hciung 'Mac liinr> 



GEOMEI'RICAL TOOLS 

, .Robert C. Yates 

Tm: RULES and tools of the plane geometry of Euclid are too fre- 
qucntly misunderstood. After wc grant the postulates and axioms 
fixed upon by Kuclid and Plato, the general question of con- 
structibility becomes important, ij question which concerns the 
nature of the tools and the precise manner in which they are 
used. Following the dictates of Euclid, ive state the rules govern- 
»ng the straightedge and compasses [6. 7]: 
^(I) The straightecige establishes the straight line of indefmite 

length through two given distinct poit\ts. 
(2) The cotnpajiSL^s estal)Iishes the circle passing through a given 

point with center at a second given point distinct from the 

first. 

These operations are the only ones permitted. An illustration of 
th.-ir hnuted nature is afforded by the problem of drawing the 




\mcaov of the given angle AOIi. First select any arbitrary point 
r (HI ./O through which is drawn the circle with center at O. 
I his mcvis on in Q. Now witli center at Q draw the circle through 
P, and witii ( cntei at P the rir< Ic through -Q. 'Micse meet in M. 
•iiui the line OM uhcii draun is thus the hiWctor. (See Fig. 1.) 
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The disagreenieiit Here with the usual practice lies in the selection 
of the circles P {Q) and Cl{P)^ The prevalent classroom custom 
allows arbitrarily drawn circles iinolvilig a process of carrying a 
fixed radius, a practice certainly not granted by the ordinary rules 
■for sudi w*ork. 

The point is again illustrated by the problem of drawing the 
circle with center at O and given radius AB, Since we are not per- 




Figure 2 



mitted to carry the radius into position, we must establish a point 
X such that OX = AB = r. This is accomplished as follows. Draw 
circles O (A) and A (O) meeting in C. Draw the equal line seg- 
ments Oc' and AC, Now draw circle A (B) to meet in D; 
then C (D) to meet OC in X, a point on the required circle. This 
is evident since AB rrz Al) rsz r; CD — CX = OC — r. (See Fig. 2.) 

Thur^ the nature of the Euclidean compasses prescribes coi 
laf)sibilit\. That is {7], since the compasses docs not incorporate 
the principle (^f the (lix'idr)s.. it apparently folds up automatically 
when its points are lifted fioni the plane. Once the demonstration 
of Figure 2 is made, of course, the privilege of drawing circles 
whose ladii are not given in position is to be assumed. Consider- 
able added interest is attacjied, however, to problems of con*^truc- 
tioii when processes aie firmly resttiried to the original rules [11]. 

Plane geometrical tools other than the straightedge and com- 
passes are generally railed non-F.nelidean. These include the 
parallel and angle riders, the carpeyiter's square, the compasses of 
Hermes, and various liiikage devices [11]. We sliall discuss a feu 
of the more elementary of tliese. 

* Tht noiaiion P {Q) signifies the circle thioii^h Q \vi(h cnwei P, 
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The parallel ruler [2, 4, 1 1], an instrument of indefinite length,, 
has two parallel straight edges. The width of the ruler may be 
selected as the unit of length. It is used in a twofold fashion: first, 
. to establish the line through two given points. A and B, and its 
parallel at a unit distance; second, to determine lines separatee! 
by a unit distance passing through each of two given points, A and 
B, (AB > 1). These operations are illustrated in Figure 3, Note 




Figure 3 



that the positions in the right-hand drawing place in our posyses- 
sion a rhombus and thus two perpendicular lines, an item of con- 
siderable importance. 

It is not difficult to prove that the parallel ruler is e(iuivalent to 
the compasses and thus is sufficient equipment to make all plane 
constructions of a Kuclidcan nature [11]. .As an illustration, con- 




sider the bisection of an at^gle AOB, Place the ruler first with one 
edge along OA, then along OB. Lines internal to t!ie angle de- 
teimined by the other sides of the ruler locate a poim P on the 
bisector, as, in the drawing at the left, in Figuie 1. 



Geometrical Tools 207 



The perpendicular to a liiic Lata point P on L is erected as 
follows. Pjface the ruler in an arbitrary position with one edge 
through P. The other edge cuts L in X. Now turn the ruler over 
to establish a third parallel line and another point Y on L, If the 
ruler be placed with its edges through X and Y in its two positions, 
a rhombus is formed with one diagonal as Xl' and the other as 
the required perpendicular. 

The gcneral-rt/ig/e? ruler [2, 4, 11, 12], of which the parallel ruler 
is a special case, is also capable of effecting all constructions of 
classical plane geomctvy. To illustrate its use. coasti iict the parallel 




Figure 3 



to a line L throuj^h a jK)int P. Place the ruler with one edge along 
L and the other through /^ U'hen rcpjace the ruler parallel to its 
original position so that the second edge passes through P. 

The perpendicular from P to L is obtained by placing the ruler 
in two opj)Osile po^sitions on one side of L and then reflecting in 

as in Figup^ These four positions detenfiine a rhombus erne 
of whose diagonals is pei pendicular to L, 

An interesting i onstiuction, which we leave here as enteitain- 
ment, is tlu; location of arbitrary points on a circle with center C) 
and radius OA [11]. 

We have alhulcd se\c'ral times to tiie fact that all luiclidcan 
plane constructions'-' may he accomplished by the compasses alone 
[1, 3, 4, f), 7, \\ 11]. This fact was established by (;eorg Mohr 
and Mascheroni in the late seventeenth and eighteenth centuries 

*With the cxc<'[)rinn of the foMti.Kioii (^f a contiiwioiis shai^ht line. 
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with a theorem that created considerable interest among geome- 
ters. The proof of its equivalence to the straightedge-compasses 
combination reaches its zenith in showing that the point of inter- 
section of two lines, givea only by two pairs of points, can be 
located by the compasses without recourse to the straightedge. 
Unfortunately, space does not permit the demonstration here. 




Figure 6 

A beautiful construction illustrating this so-called geometry 
of Mascheroni is the location of the mid-point of the segment AB 
(Fig. 6). Construct the circle B (A). Wow with the same radius, lo- 
cate the hexagonal points AHKC, where C is coUinear with A and 
B and diagonally opposite A. Let C{A) cut A (B) in P and (2- 
Finally, P{A) and Q(A) intersect in X, the mid-point of AB. 
For, if AR= PA =^QA = r, then AC — CP = CQ- 2r; and, 
since PAX and CAP are\imilar isosceles triangles, 

AP/A\^ PC/AP = 2. 
Accordingly, ^ 

AX = (AP)/2 =z {AB)/2. 

Almost all standard constructions .offer special interest when 
performed by the compasses alone» This tool, incidentally, is the 
natural medium through which the geometry of inversion is 
executed. 

Although quite useful as an auxiliary instrument in general 
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plane constructions, the straightedge certainly does not appear 
very. j.owerfuL Surprising, however, is the fact that it, is capable of 
solving elaborate and complicated problems of construction. An 
example of this is the remarkable construction of the tangents 
to any given conic from an external point. As an illustration, the 
tangents to a circle from an external point P are located by first 




drawing three arbitrary secants from P. By cross-joining the points 
of intersection of these secants with the circle as shown, the line 
AT which cuts the circle in the points of tangency is determined, 
as in Figure 7. 

A field in which the straightedge plays a natural role is that of 
projective geometry. (The forecroing construetion may be recog- 
nized as a special application of Pascal's theorem on poles and 
polars.) It is here that lines and their intersections are dominant 
features, while such notions as distance, angle, area, parallelism, 
and the like have no interpretation whatever. 

The straightedge becomes considerably more effective if some- 
where in the working plane there is given either a circle with 
center, a square, a parallelogram, a conic, or some other identified 
configuration. Such arran^ ^ments produce systems known as the 
geometry'^ of Poncclet-Stcincr. 

Fundamental in tlicsc systems is the construction through a 
given point P of the line parallel to a bisected segment AOB. 
Draw PB and AP, and upon the latter select an arbitrary point E. 
Draw EO intcisecting Pli at /. Then A I meets BE in Q such 
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that PQ is parallel to AB. This may be recognized as the quad- 
rilateral construction of harmonic points or, in more elementary 
fashion, as the construction of a diameter PQ of a circle homo- 




Figure 8 

thetic to another with diameter AOB having centers of similitude 
at / and 

A few exercises may serve to awaken an interest in this type of 
construction: 

(1) Upon a fixed circle with center draw the diameter that 
is parallel to a given line L. (Establish a bisected segment 
upon L by drawing three parallel lines of arbitrary direc- 
tion, one of v/hich passes through O.) 

(2) Given a circle with center O. From a point P construct the 
perpendicular to a given line L. 

(3) Given a square. Draw the line through a corner parallel to 
a diagonal. (The diagonals yield the center of the square 
and Figure 8 applies.) 

(4) Bisect the sides of a given square. 

The preceding discussion forms but the briefest introduction to 
the general subject of mathematical tools, tiut it is through the 
study of the nUture of these instruments that a working knowledge 
of plane geometry and a sympathy with its structures are acquired. 
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MATHEMATICAL APPARATUS 

Phillip S. Jones 

In the classroom, mathematics club, assembly program, or ex- 
hibit, mathematical demonstrations which use moving apparatus 
as well as visual diagrams and verbal explanations attract and 
retain more attention and show relationships more clearly than 
do static dispjays; This is particularly true if the apparatus calls 
attention to the appearance or use of mathematics in daily life. - 

In Figure 1. for instance, the pin and string construction for ai^ 
ellipse, the setup for which is seen in the upper left-hand corner, 
gives a mechanical construction for a curve which is continually 
seen about us. This construction serves not only to visualize a 
locus definition, namely, that the ellipse is the locus of a point 
moving so that the sum of its distances from two fixed points is 
constant, but it also explains why the elliptic ''gears'** at the bot- 
tom of the board will mesh. For these congruent ellipses are piv- 
oted at their foci with the distance between these foci equal to the 
constant sum of the focal radii; hence the radii to the point of con- 
tact may vary, but their suni remains constant. These gears con- 
vert uniform rotary motion into variable rotary motion and are 
useful, for example, in such machines as slotters and shapers where 
a slow working stroke and a quick return stroke are desired. 

In constructing these "gears" from. plywood, it was found neces- 
sary to glue felt to their edges to provide traction and to join the 
two foci not used as pivots with a link equal in length to the 
major axis in order to prevent the gears from falling apart at some 
points of their cycle. This same motion can be obtained with a 
simple four-bar linkage, ^s shown in the upper right-hand corner 
of Figure L This linkage offers many opportunities to show inter- 
esting gconu^tric relationships and to give practice in functional 

•The ^elecied references at ihc nu\ of thii section are classified to follow the 
order of development in the body of the jjaper and therefore will not he referred to 
for each individual topic. ^ 
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Figure I 



thinking. you let the long bars (one "bar" of the linkage is 
supplied by the board on which it is mounted) become uncrossed, 
you have a parallelogram which can be used for transmitting uni- 
form rotary motion; if you distort the parallelogram again, you 
have an apparatus for changing rotary motion into reciprocal 
■motion. If you generalize this foiu bar linkage a little more by 
•not requiring the opposite sides to be equal, the imniediate prob- 
lem (Given the relative lengths of the links, what kinds of motion 
are possible?) leads to much real functional geometric thinking . 
in a situation that has many practical applications. 
^ The property of the ellipse demonstrated by this pin and 
string constructhun readily explains wjiy naval pilots, flying out 
from an aircraft Lrrier and planning to return to another base 
or to the same carrtvr in another position, find, if there is no wind, 
the territory over u luth tli^ may fly bounded by an ellipse. This 
is one of the so-called "radius of action" problems which a former 
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student characterized in a letter tis being most interesting because 
the problem is to **iind the carrier or you're a dead pigeon." 

Of course, ellipses are most commonly seen as the apparent 
shape of circles viewed at an angle. The draftsmen meet them so 
often that many drafting rooms have elliptic trammels or ellipso- 
graphs more precise than that shown in Figure 2, but operating 




Figure 2 



on the same principle, This ellipsograph may be fastened to a 
bla( kboard with suction cu{)s; the knobs make it j)ossible to draw 
ellij)M's of various shapes by setting any desired senii-inajor and 
semi-minor axes. 

The btudent who made and demonstrated the elliptic gears 
found a piece of old brass ij)ipc, cut it ai an an^le» had it plated, 
and ilun had a grand time at a public cxhil)it e\[)laining to 
passeis-l)y that eveiy(;ne knew that salami was alwa\^^*^^ujL-riat an 
an^ie, thus i;i\in<;' elliptic slites. because such slices vveie the shape 
that best fitted into sandwiches — another application of the ellipse. 
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An elliptic: "bilUard board" is. pictured and described in an- 
other article on ^'Mathematical Demonstrations and Exhibits" 
(p. 90;. as are also the paraboloid formed by ahe sin face of a 
rotated (liiicL models of parabolic and catenoidal cables, and the 
demonstration of the catenary as the sail curve. The parabola and 
the catenary look so much alike that persons first viewing them 



(1- 




will need convincing that they are not the same: btit a par;ilKHu: 
toniplaie (licj. 3) with a hole drilled at its focus for a piece 
chalk will enable one to draw a catenary, . the center curve, by 
rollitig; the parabola aU)n^^ tlie meter stick uhich is held by two 
suction (lips. A piece of stiint; can be held \\\) and hhown In fit 
the- cune of this (atenary but not that chawu aioiuul the paia- 
bolic tfm|)la(c. I he tiian;4le, string;-, and suction ( up .sIhjwu at 
the fxtuine li^ht in l''i;^uu*c provide a method of introducin;^ 
and (lia\vin'4 \\\v paiabola as the locus of points ccjuidistant from 
a li\c(l point ilu- focus, tcpi csentfd l)y the suction cup) and a 
fixed line Mlie diiectiix. represented l)y the meter stick), A piece 
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of chalk held against the triangle is forced by the string, which- 
is fastc/icd to the upper vertex of the triangle and . to the suction 
cup, To slide upward along the triangle ?s the triangle is'slid along 
the straightedge. Tlie chalk traces th^ parabola. 

Possibly the most common locus seen today is that of a piece of 
mud on the lire of an auiomobile. If the mud is on the extreme 




Figure 4, 



outside edge of the tire, it traces the cycloid shown in Figure 4. 
Hiis cuivc has so many intcicsiing properties, so many famous 
names (Galileo, Newton, Leil tiit/, 'Bernoulli) associated with it, 
and. has featured in so many famous quarrels that it has been 
called the Helen of (k'ometers, for Helen of Troy. The tracks 
at the right in the picture demonstrate two of its most interesting 
propel tics: namely, that it is, under the action of gravity, the path 
of quickest descent, the brachistochrone, from one given point to 
another in a \eitical j^lane, as shown by the fact that, when a ball 
on the (keloidal and one on the linear path are released at the 
same time, the former ariives at the bottom fust. It is also the 
tautochroue or rur\e of ^(pial lime, as sliown by the fact tliat, if 
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one ball be leleiused tVom the top ot* one tycloidal, track and one 
lioni ilic middle of the other, they botli arrive at the bottom at the 
same time. Sc ientists have tried to nse this property in designing 
cloeks; 

IMywcjod lonns. such as those shown in Mgme 5, stuck to a black- 
board with suction cups, and a piece of chalk fastened to a cereal 




Figure 5 



box which will roll on the phwntxl {onus facilitate the demonstra- 
tion ol the 1(;( us of a ciu Ic rollini' fMi another circle; namelv. the 
rpi(\il()i(l. whiih plaved its pait in the Ptolemaic theory of the 
unixtiM- and uhidi. \\\[\\ the cvcloid and hypocycloid, forni.s the 
( iirxc's used in thf desii^n of cvcloidal gear teeth iind gear trains. 
The ( in\rat tlie left is the two-cusped ^epicycloid or nephroid and 
that ill ihi' < ciuci is the (aidioid, named for its heart-like shape. 
'I"hcsc two curves can also be deinonstraied as caustics. The neph- 
roid is the envelope of light rays reflected from a circular water 
ijlass or napkin ring for a light source emitting parallel rays, while 
the caidinid is the icfle< lion j>atiein for a point s(nnce of light on 
the circle. 

1 lu- cvcloid is the lo( us of a point <ai a circle wlnVh rolls with- 
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' out slipping on a straight line. If a straight line rolls on a circle, 
the curve is that seen at the extreme right in Figure 5, which was 
traced hy a piece of chalk on the end of a string as the string 
was unwound from a cereal box held with its base against the 
blackboard. U'iiis curve is the involute of a circle, and is used com- 
monly' today in the design of gear .teeth, for which purpose it is 
superseding the culoids. It is alsoiiscd in designing some cams, 

A Hy, represented by the upright peg or pencil in Figure 6, walk- 
ing out on the spoke of a uniformly rotating wheel, represented by 
the slotted arm mounted on a fixed vertical axis, would, as seen 
in the figure, trace a spiral of Archimedes, The movement of the 
peg in the apparatus in Figure 6 is accomplished by fixing it to 
a slider moving in the slotted arm. This slider is in turn fastened^ 
one side of a stiing belt running around a fixed pulley mounted 
on the vertical axis of rotation and a second idler pulley at the 
end of the rotating arm. This spiral has not only an interesting 
liistory, as its name implies, but several modern uses. The cam at 
the lower left in Figure 7, each side of which is shaped as an 
Arc himedcan spiral, converts uniform rotary motion into uniform 
recipiocating motion. The casings of centrifugal pumps, such as the 
CJevman supercharger shown in the photograph, follow tliis spiral 
to allow the air which increases uniformly in volume with each 
degree of rotation of the fan blades to be conducted to the outlet 
without (1 eating back pressure. H, T, Brown in his "507 Mechan- 
ical Movenionts'* suggf^sts the use of this curve as a guide for the 
feed motion in a drilling machine. 

The apparatus in Figure 8 consists of a base circle, a point on 
the circle represented by a suction cup, a straigl-* line represented 
by a stick which is constrained by a bracket on the suction cup 
to pass always thiough the fixed point, and two nails representing 
two poims on the line a fixed distant* apart. If the first nail fol- 
lows the fixcrl c irck\ the second nail, or a piece of chalk substi- 
tuted for it, trac cs out the limacon or snail curve of Pascal, This 
c urvr. wlu*n used as the shape of a cam as shown at the left in 
Fignn* convcits uniform rotary motion into simple harmonic 
I motion. The device at tlie right in Figure 9 can be thought of as 
I proof of this fact bec ause the two follo^^•crs can be seen to move 
together, and the second device, which is a Scotch crosshead, is 
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constructed according to the definition of simple harmonic motion 
as the motion of the projection, represented by' the crosshead, 
of a point traveling at a uniform rate on a circle, represented by 
a rotating arm which has a peg sliding in a slot on the back of the 
crosshead. A pencil fastened to this follower would draw a sine 
wave on a roll of paper drawn past it. 

Incidentally, the cardioid, or heart-shaped curve, is also a spe- 
cial case of the limacon and may then be demonstrated by the 
method suggested. 

Much interesting and simple trigonometry may be shown to 
apply to models of screw threads and gears. The history and logic 
of logarithms and the slide rule can be made more real by demon- 
strations of Napier s bones and Guntcr's scale, and trisection de- 
vices always involve good geometry and have a never-ending 
appeal. These items and calculating machines and planimeters 
have been mentioned in a previous article (see pp. 94 to 96). 
Many other interesting devices will be found suggested and de- 
scribed in the general sources listed on ^.age 223. 

The equipment which is pictured here was made and demon- 
strated at the Edison Institute of Technoh)gy, Dearborn, Afichi- 
gan, in c umection with classwc^rk and exhibits by freshman and 
sophomore college students. However, the conic sections fit in well 
with the work done in functions and graphical representation in 
many second year high school algebra courses. Constructions, such 
as those shown on the charts in Figures 10 .md 11, exist for all 
the curves discussed and are so varied and siinplf, a.s well as useful 
in the drafting room, that high school gconictiy students could 
easily do them and could see real use made of constructions for 
tangents, fornnilas for lengths of circular- arc^, and so on. Tven 
junior high school students could draw many of these curves in 
connection with work done in kerning the use of instruments. 
Certainly it seems that quadratic equations should never be left / 
without a look at their graphical solution and ^5onie information 
about the projKTtics of the related parabola. 1 he other simple loci 
which were discussed earlier can add much that is practical and 
attention getting, as well as thought-j^rovoking and functional to 
the study of loci. These loci arc more real in their use than and 
as simple in their construction as those problems about l)uried 
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, treasure which are found in the few paragraphs on loci included 
in many geometry textbooks. 

Apparatus of all sorts is useful ill the classroom in giving the 
student added insight into and practice in seeing and thinking 
about mathematical relationships, as well as in getting his interest 
and attention. The students who desig^i and make these **gadgets" 
after studyilig their history and use are, of course, the ones who 
get the most reaM'un and profit from them. However, these devices 
accompanied by cliarts and explanations attract attention 
and bring (jucstions and interested, understanding conunent not 
only Irom students in tlie classroom and mathematics club, but 
from passeis by at school open-house exhibits or assemblies. 
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The radius of action problem: 
P{)i»K V. AND OriS. \, S. Elemcjits oj Ae)()}\autii\. World Bouk (iO., Yonkers, 

N. Y.. 1941. Cihap. 25. pp. 3li2 «'.. .Area of Adioti and the Ellipse, pp. 372- 

375. 

KUipsographs: 

FRt.Nt:n. T. E. A Manual oj Engineering Drawing. MiCiraw-Hill B{)ok Co., 

New York. 1911, pp. 69. 556. 
Htscox. Mechanical Appliances, op, cit,, pp. 357 ff. 

Hiscox. Mrrhnnirat Mtw.'mrnts, np, ^i/.. pp. 3b5 If. This and the preceding; 
rt'ference piiiuie a \arifiy of diiferent ellipsographs. 

Kr.iFi i i. AND KssiR Co. This cor^nany manufactures a prctision ellipsograph 
of the in Tigure 2. 

Kri gi ak, H. ' "A Simple Blackboard Ellipsograph," The Mathematics 
l^-acher, 33:179, April, 1910. The pin and siring construction at die black- 
board, using a suciion cup outfit. 

I'liK Povr CoMTAW. This company manufactures the 'Trernier Ellipso- 
graphs" for draftsmen, photoengravers. and lithoprinters. They are of a 
uj)e iliflerent fiom that pictured! 

Yatfs, R. C. "An Ellipsograph," National Mathematics Magazine, 12:213, 
Eebruaiv. 1938. A seven-bar linkage which will also draw a stiaight-line. 

7 he I our- Bar Linkage 

Krcnv.N and Eairfs. Op, cit,, pp. 5 fl. 

\atks. R. C. Tools, p. 176. 

Yat^s. R. C. '"Ihe Storv of the l'aralleU)giani." The Mathematics Teacher, 

33:301. November, 1940.' 
The (iyi loids 

(Jur\e of cjuickest descent: 
Hi iss. (;. A. The Cfilculus of Vauatiini\. 0\n\\ i.inxW Pub. Co.. Chicago. 1925. 

pj). 41 If. 

7 he t:niU)(hrone and clocks: 
Osf;o{)i). \\ . F. Mnhayucs, Matniillan Co.. New Yoik. 1937. 

In gearing: 
Kkown and Fairks. Op, cit., pp. 169 ff. 
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MATERIALS FOR MATHEMATICAI\mODELS: 
THEIR SELECTION AND USl 

Joseph Hihenrath 

An experienced mow.lmAker, whether he be a builder of ^irplane 
models, ship models; model railways, model racing yachts, or 
mathematical models, as long as he is an enthusiast, has matay of 
the following characteristics: he never throws anything away\nd 
so has an accumulation of junk around his house; he stops\o 
look at any and every window he passes and hence seldom arriveV 
home on time; hp is a f-^irly good conversationalist and thus gains^ 
a lot of free advice and information from others; he is a lover 
of machinery ?nd is. forever buying some new gadgets and then 
doing without lunch once or twice a week; and he is constantly 
on the lookout for some ready-made article which he can with 
little effort appropriate to his needs and which will result in a 
decided economy in both time and money in the making of a 
future model. 

A lesson wh.ch every teacher can learn from this enthusiast 
is to be on the alert for materials which can be employed in or 
adapted to the production of models and equipment for the class- 
room. Some of the raw materials which can be used tor this pur- 
pose may he waste material in some industry. Ingenuity is the 
teacher s best assistant. Articles manufactured for other purposes 
or for general consumption may often be adapted to instructional 
purposes. The most expensive material is that which has only a 
special function and hence is in demand by only a limited num- 
ber of users. 

An examination of commercial catalogues and publications will 
give many clues to available materials. '^I liese may include cata- 
logues from modelmakers. supply houses, toy manufacturers, com- 
mercial steel dealers, hardware dealers, stationery houses, mail- 
order lumber yards, scientific instrument companies, photogra- 
phers' suppliers, automobile supply stores, wholesale radio sup- 
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. pliers, window trinimcis' supply houses, as well as uatlc nia^a/iucs 
and hobby publications. 

A leisurely trip through a fivc-and-ten-cent store or a large 
hardware hc)use will give an idea of articles which can be used or 
easily adapted to model needs. Spheres may be found as croquet 
balls, billiard balls,- niaihlcs, rubber balls, tennis balls, sj)heri(al * 
•balloons, beads, and \aiious other ornaments. Cylinders, cubes, 
and prisms apjiear as candy boxes, tin cans, jiowder boxes, food 
cartons, mailing tubes, and toys. Cardboard or metal disc's may 
appear as mats or may have bc'en discarded as waste by stamping 
industries. Wire circles are used bv manufacturers of lamp shades. 
Some of the small solids are made h) tov manuf.ieturcrs, and some 
of the larger ones arc often used by window display firms. Gears, 
pulleys, circles, and links from such .sets as .Meccano or F.rcctor can 
also be used to advantage. 

Models can be made and used by student and teacher alike. 
Some models should he constructed by eveiy student in the class. 
They need not be elaborate and may be restricted to those which 
can be made from cardboard or string. They may be slijiped into 
an envelopc-{)()ckct in the .student's notebook and can be used 
effectively in de\eloj>ing intuitive and infruninl work. The teacher 
may find it ad\ani;i'4i'ou.s to produce vonie nuKlels in Iront ot 
the class with the aid of a few pieces ot c.udhoarcl. .some snips 
of wood of various lengths. ;i razor blade mounted hi a handle, 
a paper punch, and some biass paper fasieuers. Other models can 
be carefullv made and kept a .ailable, u-ad\ loi ( lass deinonstia- 
lions at a niouu-tu's uotid'. 

As an example of a model \d\uh cm be made by students or 
teachers under various conditions \s-e may consider the (ul)C. A 
cube may be made in all of the follo\\iii<^- w.ias: 

(1) Twelve toothpicks ,^Iued fonether :it the ends to foim the 
edges. 

(2) T\\-clve \\ooden applicatois <4hicd ,i.s noted abo\e, I)ut 
painted. 

(3) Twehe piec es of stiff ^vile soldi icd at the- veiticcN and 
[iaiiitc-d. 

(•}) .V p.ipei or cardboard tcmpl;ite folded .md edges j)asted 
together. 
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(5) Six stjiiaios cut tVoin stiff celluloid or transparent plastic 

material and t)lued tu<»etlier at the edges. 
(()) Solid ( ube cut honi soap- 

(7) Solid cube cut lioni modeling clay. 

(8) Solid cube cut tiom a block of woc^d. 

{[)) Scjlid ( ube cut Iroln' aluminum, brass, or plastic (opaque 
or ti.uisparent) . 
(10) Sheet melal Iblded and holdeied. 

Numbers 1, 2, 4, 0. and 7 are the simplest to make, require few 
tools, and can be construcrcd by ewryone \i\ the class. The cost of 
1 and 4 is nil. Numbers (i and 7 may be transformed into a num- 
ber .semiiegular solids b\ cutting off (he proper corners. 
Solids constructed oF brass or other metals recjuire little machining 
and are excellent for di5})lay pin})oses. 

I'lie nature and num.*)er of materials and tools required will 
i;rou' along with the neec' and use made of models. The following 
list may prove suggestive. 

Materials 

1. Tootlipicks 

2. \Vf)<)(l(.'ii ai>i)lirarf>rs 

3. Wufti. Ill hliiul shiih 
■I. Srcrl stiiippiiii; 
h. C!ardl)oard 
(). Bus bar wire 

7. Thill flfjrist's wire 

8. StCL'l wile circles 

10. Shrct HK'tal 

1 1. Brass strips and h;ns 

12. Mndrhnakcr's liutilxr 

13. Balsa wfujd 
M. Glass 

15. Stjap 

16. C:lay 

17. Ciolorcd strini< 

18. Blaster of paris 

19. I^'.astic sheets 

20. Blastic tube, h.ir. and rod 



'I(}t>l\ lu^fjuirrd 'I'ooh Rrrof}} mended 
None 
A* 

\ I* Small drill 

II. I. I. 1. 

A. B. c: 1). I' 

G» K 

(; 

f;. K 

M N 

II. K. I. 

1 1. I. C) .Small drills 

:\, V, M, N 

.\ 

V 

A 

\ 

None 
None 
A 

A. M, N 



•See the fullowin^ |{>t Js('\ to Irtttis 
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A. Ka/or blade l\pc 

knife* 

B. Paper punrh 

C. C Straightedge 
I). Pair of scissors 
£. Snull hamiuer 



a. Paper fasreiurs 

b. Eyelets 

c. Staples 

d. Paste, glue, airplane 

cement 

e. Rubber bands 

f. Elastic, round and 

flat 



Tools 

F. Stapler 

G. Pair of side-cutting 

pliers 

H. Scriber 

I. Metal punili^ 
J. Eyelet punch 

g. Wire brads 

h. Suction (ups 

i. Solder and sf)ldcring 

paste 
j. Tape, masking. 

drafting, binding, 
etc 

k. Violin D-string 



K. Soldering iron 
L. Metal shears 
M. Coping saw 
N. Crosscut saw 
O. Hack saw 
P. Glass cutler 



1. 1 luimh tacks 
m. Gummed letters and 

figures 
n. Paints, assorted 

colors 
o. Leather strips 
p. Ciolf tees 



Since sonic of the iinns listtxl .U)()Ve iTi;iy appear to be out of 
place, a feu* of tiicir aclvanta;j;cs wiW be illustrated. Paper fasteners 
arc convenient pixot^ lor hastily Cfinstuu ted incnlcls made of eai d- 
board or \\'ood slrip^. II more durable and accurate pivots are 
recjuired for cardhuarcl or steel strij;s. eyelets should be used. An 
accurate. ine\peirsi\e pi\t)t may be made fiom a piece of i^nt or 
l)-strint^. ab foHows: fa; picice the t\v(j pieces of cardboard with 
a needle of suit.ible diameter and wiili a knife c ut a piece of gni 
about an eigiitli of an inch longer than the thickness of the 'two 
pieces to be pivoted: ( b) iirsei t the pie( e of c^ut into the holes and 
touch a heated object to each end in succrssion in order to ipread 
the ends and form a perfect rivet \vliieh will resist tiie wear of 
cardboard, fiber, or plasties. 

Rubbei bands and round elasiies are ideal for setting up gro- 
metric fi.i;ures on ihcoicm bt)ards and may be used iti making a 
variable nindel ol a lulcd surface \vhere it is necessary that the 

* Thou- ;n(* in.ii:\ Mith knsvts on rhc n\.nkc-r piic rd luwu to SI.UO. The wiitcr 
wffumnrnds l\\r "Sksu.u l iililv Knif<'/* SkNU.4\ Model Airo.iff Snpplv Co. -VIG 
Sixth Ave, Ui()()kl\n. N. \ .: HV, uiiii a «;p( cial doiihic i-di^rd liiadc. SpAic hladcs .art 
luo for \0,^. 

*A '^ntisf II tor V pnruh (os(s .d)oni 7*i(». \i rn.w hv <>i)t.iini*d in a nunihci of si/cs 
from nuc sixicrrnh inch i«> nnr (juauoi inrh. If n mirnhn of si/c<; of iiolos is dosircd. 
a lai^cr ptnu li \\i(h rcpl.ic i .iMc dies sells for ai>t«u( oi S^i oo. Kuhcr of ihc^e 

will cut a hole in .i pirte of mr! d our ^i^ltlh inch (hiik. 
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w'j^uW :uc- .llua^^ siiai'^ht liiu's, Siu iion cups may be used to fasten 
!U()tlc*Is to ihc blackboard; some cups are available with a bolt 
uhuli pcnniis oiing^/Iape is valuable in holding materials in 
pKue duriiiLf ^luin;^-. as a iiMskinj? guide for painting, and as a 
binder Tor models uiade of glass. (The writer has found Kodak 
I)indiug Tape lo be mo.st satisfactory; 10 yards of width cost 
'JH)<\) I.e;uliL-r sii ip.s mav serw as hinges for ply^vo()d models illus- 
iraiiiigMie.is. (;()lf lecs are inserted in the holes of theorem boards 
and ihe.el.i.Niie is atlaebed lo them. On the broad surface or hoad, 
small leiieis may be pasted to ideniify various points. Gummed 
h iieis and li^ures will add to the apj)earance of a model and. save 
lime in iis c onsiriu lion.'* 

A biigbily j)ai?ned model has disiinet pedagogical value, but it 
In imporiani that the paiiniiig be carefully done because a model 
is ol U'U made (;r inm<.'d by ihe way the paint is applied. Bright 
colors should be selected. A fast drying lacquer should be used; 
ii In mo^l econoinit al to pur( base hufjuer in tiny bottles often sold 
in hobbv stores for five or ten cents. (Evaj)oration makes the 
laigcr boiiles wasteful.) 

liaKa \\(wk1 is ilu- uiauiial i)ietrne(l bv some modelmakers. 
I'm snim- models it is cpiite satisfactory; its disadvantage is its lack 
of sneiigih. .\ hobby or neighborhood hardware store may carry 
\aii(ins M/e.N piicedM'iorn lo to !*c each. The tollowing sized 
snips in lUV lengihs were found in a typical store: 1/32" x 2", 
1/:VJ" X [V\ 1/lfi- X l/lfi". 1/10" \ \//\ I/IG- y l/j", 1/16'' x 2^ 

i/iii" X :v\ 1 X i;", I/," \ i/j", i/^" X 2'', X 3'', X 14 '^ 

CMiulboaid may be obtiiined from stationers, printers, book- 
bindcis. and pajici suj)plv bouses in assorted colors, various thick- 
ncNse>. and manv df^iees of rigidity. Some teachers have found 
ilie (aidboaid used b\ lamuhies adapiable for models. The only 
io(jK nccessaiv in wink (his material are a straightedge, a sharp 
la/fu blade knife, and pa^le. To fold the cardbf)ard. score (cut 
b ilfuav ihi()iiL;h'. it a!on;^ a sMaiglit line with a sharp razor-blade 
knife and f()l(I a\\*a\ honi ihe side stored. If the blade is quite 
sliarj*. ii may l)e diawii ligbily along ibe line, for the weight of 

1}:'* I .iii'I |uk({ Ctimp.JMv, W'i I'. 1st LJul St.. New \oik C.\i\\ makes 

V\ - - ii:nitina I'ljHj hit. IS. Hit! Iii^iiKs in .i--i'ii<*a tolciis and ill -to si/cs [torn 



*. 
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the knife alone may cut to 'the proper depth; A light touch v;ill 
score even the thinnest cardboard. Pliable cardboard thus cut 
gives the template an excellent hinge. The writer has a set of col- 
lapsible cardboard models with sucli cuts for hinges; these have 
been subjected to a year's service without- marked signs of wear. 
Hinges may beVeinforced by aj)j)ryrng binding tai)e along the fold- 
ing edges. If the size of the model necessitates the use of more 
than one sheet or if one wishes to economize by u.sing small pieces, 
these parts should be cut to the {)r()per shape, a hinged flap in- 
cluded on every edge, and these flaps either pasted or stapk'd to 
their adjoining pieces. Cutting a piec e of cardboard recjuires niark- 
'inga i^encil line on it and cutting along this freehand rather than 
bv means of a guide. Models made from cardboard or paper have 
included phuie figures, planes in sj)ace, solids boundc-d by planes. 
devch)pable siufaces. some ruled surfaces, soHds built from a 
seclicm of plane curves, and surface linkages.^ 

Where it is necessary to emphasize lines rather than surfaces, 
sticks are used to great advantage. Wood aj)plicators, which may 
be pui chased in any drug store, are the best sourc e. They consist 
of lound sticks about I/Ki" in diameter and six ancl one-lialf 
inches in k»ngth. I hev may be purchased in small cjuaucities or by 
the box at approximately 7.") (cms for 72 do/cn. They can be c at to 
size with a ni/or blade or knife, are lUiiform in thickness, can be 
joined with airplane-cement or collodion, and when painted can- 
not be distinguished from wire. A model made from applicators 
is liglu, tiansparent, ne.u, and easily constructed. To provide a 
more ri<^id stnu ture diauouals may be placed in faces wliieli aie 
polvgons, 

A})plic;itors should be painted before the model is started. A 
single coa: of laccpier applied with a small canu-l's hair brush 
will be (juitc satisfac torv. No sj)ec ial skill is recpiired and contrast- 
ing colors will provide pleasing lesults. The slick should be held 
between the fingertips and i evolved until it is painted to within 
one half inch of each end. One end may then be placed in a pic e 
of clay to a depth of \/^ imli and the upi)er piui paiiUed. leaving 
a small inii)ainted pf)rtiou which is seldom used. .\p})litators have 

16. pp. 3L\-^ ApnI. i^lli 
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been usi-cl lo griMt advaiiKiut' in niakin;^ icgular or Platoiiic solids, 
.sc'ini u'^ulai t)i Aic liinu-dcaii sfdidN, slai poUlicdia. .some develop- 
ahU* Muiai I's. aiul some i uled suviaces. 

Wile may be usfd in place of applicators, partienlarly for those 
( asc'S ic{piii in;4 ciu ular or inei;idar shapes, sue li as helices, surfaces 
of *ie\ nhnif)ii, and (piadric sui lates. The best wire for models is 
a tin-c{)ated cupper wire used in radio woik and called bus-bar. It 
is either louiul oi Ncpiaie, aiid may be cut leadily with plieis. I)eut 
into I iMi\c-uiciit ^llapc^s. and ea.sih soldcicd. Wheie wire circles are 
needed, as in tlie ecMisinution of an eaith nujdel for map j)rojec- 
tion. stei l ( in les used bv iiiannrai inieis (il lamp .shades arc a good 
SMurc eaud may be puu based in \ai ions sizes in department stores. 
These .steel circ les are not leadily soldered, but a little experience 
makes oni* adept at this \\{)ik. 

W'ockI stiips are inipoitant in the construction of classroom 
uiodels. With the aid of a set of stiips of varied len,u;th. with holes 
[)inicbed at the end, and a few paper fasteners as pivots, it is pos- 
sible to make up triani;h\s or ([uacli ilaterals to illustrate the defi- 
nitions and j)i(;posuions of I5o{)k I and Hook III of Kuclidcan 
i^eoinetiy. Snips slioidcl be about oiie-half inch wide and painted. 
Wiu tian blind ^lais. an exccUent souice of supply, are one-eighth 
iru h t)ii(k and either two or two and lliree-eightlis inches wide, 
and ((Mile- in kn-ihs e\ici(Uiu the uM(.d need. manufac tuier 
oi di\ihM \\\\\ ^iv^. ^^.|| cijc.ipK dis(aided .slais it he 

kiinu^ du ii intcndc-d puiposc. A small manufai lnrer will p* •)!)• 
ablv rip ihi-m into nne lialf itnh snips, uy the sJiool woodwork 
sb(»p (an piiloMii the sanir scrvii o. Old slais aie also satisfactory, 

"^'tt \\\'.) n: thiie Imu^ (ostin^j about a nickel. Ten slats 
•^l^'^'dd be nmic ili.m .miph \n\ (ndin.trv recjuii ements. A paper 
l)unib m.i\ W used U) make hoK s in the ends (jf the slat, and if 
the- sl.tts .lie p.iinird in whiir mi •noiv. thc\ show up well when 
Iiohl against the bhu kbM, nd. d'he slais may also be used in con- 
sii u( tinii blai kbn.iid linkage s"' wliii h may be attached to the board 
In uu'.uis of su( lion cups. 

Sdi l siiaj)pin'^ is le.uiilv ])t iit imn (i.uilar sliapes and can be 
u^(■d in pl.K I' <A wond sti ips. !t is used hv maniiractuiers* shi{)ping 
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rooms to bind boxes and bales and is valuable in making models of 
spheres for solid geometry, astronomy, and navigation. It may be 
seemed in either a galvanized or a black japanned finijh and in a 
number of thicknesses and widths. For small spheres and linkages, 
X .013'' and for larger spheres either \//' or r;,^" widths are 
recommended/^ The sirap{)ing should be cut with small metal 
shears, allowing enough ro(;ni for the punching of holes with the 
metal punch desc ribed in a previous footnote. Pieces of strapping 
are joined together with eyelets fastened by means of an eyelet 
punch. Before being punched, holo^-sjiould be marked with a 
scriber. A little j^ractice will make one adept setting the punch 
over exactly the required place. 

Transparent models are often desired for display purposes and 
can be made of glass. It is best to determine the shapes and sizes 
needed and to have these cut by a glazier. One can do his own 
cutting, but it is advisable not t(; try before observing a glazier a( 
his work. S(jme of ilie j)rices rpioied for glass are: single thickness, 
\i>(^ per square foot; doul^le thickness. 20c* per sfjuare foot; opacjue 
(opal) , '5r>(^ per scjuare foot; colored (cathedral) . ')()(•• to G0(* per 
square fool; I j iiuh palate. per scjuaic loot: -j,) indiu'j,. Ic pci 
inch; polishm-j,. L\- per iiuh. 

Plastics are also useful for transparent nuxlels because they can 
be readily handled, are unbreakable, and present a g(iod appear- 
ance. Their disadvantages aie that ihev S(iat<h Ciisilv and are 
expensi\(\ Tiadc iianu's \t)\ 1 1 ans]).i! cm plasiit s au- l^xi.tlin. lanne- 
rith. and Plc \i;4las. The l.iiicr is a lhennf) plasi ic and, .d'ler being 
immersed in bnilin'^ water, nia* be shaped into irregular contours. 
Sh(*eis of plastics (dine- in thicknesses varying fiom .OfiO" to ..^)00'' 
and in sizes ranging; fruin 21" \ l^ti" m W \ -IS". Rf>iHi(l bars come 
in (li:^nleIels in( reasin.^ bv i ^" Ironi i J" lf> 21:^". Thin sheets may 
cost SI. on ptM S(]uare tnoi and sheets 1 V' thick S^i per scpiare 
foot. Less exj»ensive pieces aie tlie thinner (etluh>id or acet^ite 
slieets. Heavy sheets nr bais nuisi be cut ^vith a saw arid can be 
machined just as well as any niet.il. Thin shec-is can be ciu with 
a knife, When niakin'j. a siiai.i;ht cut. ^uide the knile with a steel 
or metal niler and make* a cut in the inateii.il. This Inst cut will 
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sckUjiii ever penetrate to the other side; after a sHght cut has been 
tnacle. the piece can be bent back and will break evenly along the 
cut.' The best way to cement plastic material is to dissolve some of 
it in a solvent, such as acetone, and use the mixture as a cement, 
riiis cement is also supplied ready-made by the manufacturer 
of plastics. . 




Figure I 

1. Regular roIUieilrons (tiansparent plastic) 

Intraveited roKhciIrons (paper) 
:V i-\iia\eneci Polyhcdions (paper) 
1. Stellated Tolvhedrons (paper) 
"i. Ititerseetint^ Solids (transparent pl.tstic) 
T). Cnstai Models (paper) 
7. Aiihinu dean Solids (paper) 

(ifh<!a{ed Solids (wood) 

Model foj Kolri s Theoiein (f -i- v r 4. O) (glass and wire) 

On snrne devices .1 iKurhne is desired. It tnav he ohcuncd hv RuiditiR a knife a.s 
Uiioir luitni- .don- ilic surface, atid mhhinir India ink n.to tin's cut. The result h 
.« p< ifcct haiihne. 'I he cut pon.on should he adjacerH to the scale on which it will 
\>i- used in oidcr to avoid enor cinised by paiailax. 
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I. x li. (iijphic Rl•|JU■^(■^^.llunl of CliMnpIcx Ruuis (^l.iss) 
:V v I. Moilcls for in ;t: Z^/ (Wood) 

Hvpnholoid <jf RcNohjlion (\viM ) ;uui (.one 'hi.isN'i 
t>. ( finic Scciioiis I'pl.iNlt i of r.iiiN) 
7. Solids of Rc\oItition f\vood) 
S. Ridcd S'lii faces (loiind cl.iNiitN) 
\). Ciahon rioh.il)ilit\ I^t).nd (woijd ami nails) 
It). Stereogram (wt^od) 



Sonic of the tf( lnii(jiies used in the const l uetioii of models may 
he illustr.ited by a few cNaniples ^vhic;h foUow. However, a more 
(oniplc'tc- fuainuiit iniv \)v Idund in siuh discussions as ihc^se \u 
Giehel. Kehr and I lildehrandt, and the Connnittee on Models and 
Visual Aids df the Association kA Mathaniaties Teachers of New 
York City.^ \ 

*(»irhr!. K. Au'r} ti::^\ni-^ Mtilh' inn! lu hrr Mtuirlit'. \\ (, Trulinri. Urilni. lI'Ti 
lelii. }( I at.d Hddi'lii.uidt. I.. \\. C . 7 /<•■ (."»;v/M4r timl l'\r t-.f .\Jtitfirtiifih, -il 
Mti,!,\ si.irr h.Kiicis ( mIIc^c. l-ppcr MinilHaii. N. [ Av^iwi.it ji.n of Nt.itiir 

l^.llM^ l«.nheisof New \oik. On Madels and I'lsuul lul^ \r\\ Noik. I'J.^'i 
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Model iVo. /; Plane Geometry. For the proposition, if a > fc 
then A > B. 

Materials: Clardboard — 1' piece, white; 1 piece, white on one* 
side and red on the other. 

Construction. On a moderate-sized piece of white cardboard, 
draw a scalene triangle with side CB greater than CA (see Fig 3) . 



Bisect anylf C and mark off CX equal to CA, Connect X with D, 
the intersection of the bisector with AB. Cut out of the red 'and 
white cardboard a figure congruent to CADX, and draw the line 
CI) oTi the white side. Score along CD so that the quadrilateral 
hinges and folds hack on the red side. 

Fasten the triangle ACt) in place, white side down, with either 
paste, staples, or both, leaving triangle CDX free to fold back and 
forth. When CDX is folded back over ACD, we have a white tri- 
angle ABC, W hen it is unfolded, ^ve have the figure for one of the 
proofs of this theoreiiK The lines CD and DX should be accentu- 
ated with black ink. 

M(jd('l \u, 2: SjjheriC(d rii^onornctry. To show the relation- 
ship: Cos a eos /; cos c sin sin c cos A, 

Materials. One piece of cardboard, white on both sides. 

Coristruclion. Lay out a sector of central angle 150^ for a circle of 
G" radius. Divide this sector into three sectors whose central angles 
.ire uiref|ual; so that the sinu of any two is greater than tlie 
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third. Call the center O and the radii OA, OB, OC, and OA,. The 
three central angles will be c\ a, and in order. Kxtend the radii 
OB and (XC (see Kig. 4) . Draw the tangent to arc AH at A and 
extend it to meet OH at li\ Draw the tangent to arc AiC at Ai and 
extend it to meet OC in f Cloimect C and Ii\ and on this line as 
base construct a triangle with AC and as tlie other two sides. 





A 














c' 










c 




































1/ 


r 












^ 


Sec c 


5 




8- 



This triangle should \)c made to Fall outside the sector; its \erie\ 
may be denoted as A-, Cm away the figure bounded by the lines 
OA. AIi\ B\l,. A j:\ C/Au A, 6, 

Now draw the lines on the reverse side of the caidboard coi 
res}:)on(liug to ihtise on the tioiit. Score along the lines li*C\ 
and OCon the back and fold forward along these lines. The result 
will be a tetralu'Lon O—A B'C/ with a spherical triangle ABC 
drawn on its faces and a fourth face jn-rpendicular to the edge OA, 

The relationship is pioved in the following maimer: 

In triangle AB'(.\ by the law of cosines: 

A- . \i\n'-h -\ iau*-V LMan /M;in c tos . /. 
Siinilciily in tiiangle O/i'C 

i*^ se( '•7; 1- sci '^r ■ !^ sec h sec ( (os./. 
Subtracting the second ecpiation frc^n tiiC first and combining: 
0 - 2 1! SVC I) sec c cos a -f- 2 lan h tan c i os A, 
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Multiplying by 1^ cos c cos b ue get: 



0 1^ cos /; it)s c - - cos -j- sin sin c cos 
.'. cos r- COS COS i -}~ sill /; sill c cos .1. 

Model So. 3: Solid Geoiuetry. Chihc with iiiscril)cd octahedron. 
Materials. Red, white, and hhie apjilicaiors, one dozen of each 
color. 

Coustruction. On a piece of cardboard draw a square 4 inches 
on a side. Cut lour l)lue applicaiois niercatier (ailed slicks) and 
miter ihcni to coincide with tlie square. Drop some airplane glue 
or collodion on the corners and allow to dry. l^he glue w^U seem 
to disappear; in reality it ilows around the sticks and makes a 
smooth joint. It is better to apply small quantities of the glue at 
intervals of a minute than to apply a large quantity at one time. 
Repeat tliis process on another piece of cardl)oaid so that it will 
not be necessary to wait until the first dries, .\llow the two squares 
to dry for about ten minutes. 

(an f()ur l)lue slicks about one-eighth inch shorter than the side 
of the square. Remove the two scjuaies from the cardboard, cut- 
ting them free if they stick, and prop them up so that they are 
perj)endicular to the cardboard. Place two sticks on the cardboard 
between the two scjuares and ^^lue tliem in place. Allow ihein 
to dry and glue the remaining two edges. The cube is now defined 
by its twehe edges. 

Cut six white sticks the length of the diagonal o^. a face of the 
cube. Starting from any vertex, place one diagonal in each face. 
Place only six diagonals and make sure that there are three meeting 
at each of the vertices A, C, r\ H (see Fig. 5) . The six white sticks 
determine a tetrahedron inscribed in the cube. Tlie other diago- 
nals detertnine another tetrahedron, l liey might be added in an- 
other coic • if desired. 

Maik the mifl points of tlie six whi:c diagonals and call tiiem 
a, by c, rf, /. With cutting pliers make a slight nick at .each of 
these points. Cut the red sticks to fit between c and d, d and e, e 
:iiui /, and / and r. If these aie cut with pliers, the ends will be 
wedge-shaped and can be made to rest in the nicks mentioned 
abcn'e. Glue in j)lace and allow to dry. Place the cube so that b is 
at the bottom: lit the })ie(es be, bd, be, and bf and glue in place. 



\ 

Materials for Models 



239 



A 




Figure 5 



lliis opciatiou i*? rather delicate and will require some patience, 
llepeat with the lines ac, ad, aCy and af, and the model is complete. 

To make this model of glass, use six perfectly square pieces of 
glass, joined as shown in Figure 6. The tetrahedron can be folded 
from paper and its vertices glued to the glass before the sixth 
side is attached. The glass can be joined with any transparent 
cement or airplane ghie. Black binding tape, such as that used 
for binding lantern slides, may also be used. The ordinary 2'^ x 2" 
glass lantern-slide covers are superb for a small model. The ar- 
rangement in Figure G shows two tiny cubes omitted in two 




1 1 




Figure 6 
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corners. 1 hese may be ignored because their size is only the thick- 
ness of the glass, or they may be filled with glue. y 

The following properties of the regular solids suggest omer 
models of this type: the diagonals of the faces of a cube determine 
two inscribed tetrahedrons; the mid-points of the edges of a tetra- 
hedron joined in succession form an octahedron; the mid-points 
of the faces of an octahedron joined in succession form a cube; 
the diagonals in the faces of a dodecahedron form five inscribed 
cubes; the body diagonals of a dodecahedron form a stellated 
icosahedron; and the body diagonals of an icosahedron form a 
stellated dodecahedron. 

Model Xo. 4: Geometry of Spacer Hyperbolic paraboloid. 

Materials. Applicators and a piece of wire (optional) . 

Construction. Bend a pitce of wire into ihe form of a rhombus 
and bend two adjacent sides out of the plane of the other two, thus 




Figure 7 



forming a space quadrilateral. Mark off about ten equally spaced 
points on each of the sides of the quadrilateral. Lay an applicator 
between a point and its corresponding point on the opposite side 
and glue in place. Repeat for each of the niaiks on the two sides. 
The set of lines joining the two sides is one set of generators of 
the hyperbolic paraboloid. By repeating this operation with the 
reniainin,^ two sides. \ve get an o\erliippini( set of re;j,uli \vliich 
also determine the surface. Figure 7 shows a surface made in this 
fashion. 
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The joining of corresponding points of any two skew ,lin^»s in 
space will yield biuh a surlace. The non-radjacent sides of a tetra- 
hedron, being skew lines, will answer the purpose and provide a 
very neat nieihod of constructing such a surface. This construe-, 
tion, accomplished widioiit the use of wire, is composed entirely 
of applicators, 

•^Glue six applicators together to form a tetrahedron. Mark off 
ten ecpially spaced marks on each of two opposite edges. Nick the 
sticks at each of the marks with pliers and glue applicators between 
c'oi responding points iis iioicd above. 1 he result is \ ery pleasing. 

Still another way to make this model is to build a hinged skewed 
i|uadrilateral and string round elastics through screw eyes fastened 
in the wood sides of the (ju.idrilaterah This will provide a variable 
model (see Fig. 12. model uhich is very effective. 

Madrl \(). ^: VUuu: Gcomi/lry, Theorem board. 

Mntcriids. Plybord. 20'' x 20"; wire brads; elastic bands. 

(lo}!6lruciiorL In the center of a piece of plywood paint a circle, 
the t iicuuifeienc e of which is one-quarter inch wide, and with 
diameter IT) inches. The plywood need not be more than one- 
qjiarier inch in thickness. Drive small wire brads around the 
circ'K ,it intervals of about one-half inch. Outside the circle drill 
a fc-w holes large enough *io accommodate a golf tee. These tees 
are to be used for stringing tangents and secants to the circle. 
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Drill a hole at the center of the circle and place a golf tee in it. 
With this device it is possible to set up the figures for all the 
})ropositions on circles and for many other theorems. The lines 
arc formed by large elastic bands or round elastics (see Fig. 8) . 

Model No. 6: Solid Geometry. A collapsible spherical frame. 
Materials. Steel strapping, brass eyelets. 

Construction. Cut four strips of strapping about three-quarters 
of an inch longer than the circumference of the sphere desired. 
.Mark a point one-half inch from the center of the strip and punch 
a hole to fit the eyelets available. From the center line mark off 
on either side a distance equal to half the circumference. Punch 
a hole at each of these marks and fasten with an eyelet. There will 
be a piece which overlaps. Punch a hole in the double thickness 
and fasten with an eyelet. Remove the first eyelet, providing two 
diametrically opposite holes which will be used to pivot two more 
circles. These are constructed in a similar fashion except that they 
are made slightly smaller so that they fit inside the first. To make 
these, punch a hole tliree-cjuartcrs of an inch from the end of a 
strip and coil it inside tht^ completed circle, punched hole inner- 
most. With a scriber scratrh a mark on the other end of the strip 
to match the punched hole. Remove, punch a hole at the mark, 
and fasten together to form a sec ond circle. Punch a hole -adjacent 
to the eyelet in the double thickness and fasten again. The pur- 
pose of the two fasteners is to provide a rigid joint which w* not 
twist out of the plane. 

It is not necessary to mark the two diametrically opposite holes 
before forming. They can be punched when the < iicles aic placed 
inside the first ( ircle made, iisini;- the liisi holes as i^iiides. Since 
the overlapping parts are thicker than the rest of the circle, it will 
not do to let them pile up in one place. They should be staggered, 
as in Figure 9. Thus only on the first circle will the diametrically 
opposite pivotal holes coincide with a joint in i^bV: strip. 

Pivot three circles to form three meridians, ('construct a fourth 
to fit outside the first. Puiicii two diametrically opposite holes in 
it. Place the fiist inside the fourth, and turn the fourth so tliat its 
holes are tinned ninety cU^grecs with rt\spect to the pivotal points 
of the first. Punch through these holes, thus providing an equa- 
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torial axis. Fasten the fust and fourth at this axis. The result is a 
sphere defined by four great circles, three of which are pivoted 
at a common pole; the fourth has its pole at right angles to the 




Figure 9 

Other. Ihis model is collapsible and can be used advantageously 
in solid geometry, spherical trigonometry, navigation, or astron- 
omy. 

A successful teacher can ali^o b^' :i hit of a showman, riiere is 
nothing whirh impresses a studciu more than an exhibition rrf 
craftsmanship at work. It is ever a source of surprise to find that 
"teacher" can use his hands as well as his head. The success to be 
met in the use of these models dep^'uds more on raieful [)iejKira- 
tion and proper selection than on any special skill. Materials used 
in class demonstrations should be within arm's length. .\ news- 
paper picked up deliberately and folded aloiifj; a diagonal in a 
sure and confident maimer is far more valuable in a deiuonstia- 
tion than one put on after fumbling in a uar eloiet for a few 
minutes for a ready-made modeK no matter how perfect and 
polished the latter may be. .\ razor bhide in a handle, a paper 
punch, some brass paper fasteners, a .supply of shirt cardboards, 
and strips of wood of various length- these are the "slock in tr<ule*' 
of the "teai her-iuodelmaker." It is advisable to rehearse ea( h 
demonstration, or at least to have some practice in using the 
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knife. Unforeseen coniplicaf?ons can arise in the execution of some 
simple experiment, but these need not he serious; experience is 
the best teacher,. Provision sliould, of course, he made to avoid 
marring the desk; a cou])lc of sliects of cardboard should he placed 
over the top, or if more protection is desired, a piece of 14" fir 
plywood one foot square. 

Tlie value of models lies in their availahility to the teacher and 
tlic class at the psycliological moment, r model locked in tlie 
teacher's drawer or closet is of no use to anyone. Just as important 
as the development of a permanent collection is the necessity 
of providing adequate sliowcases or other facilities for housing it. 
Demonstration models should be so located that tlie teacher need 
only reach for them. 'I'his does not mean that all the models 
sliould be stcMcd around tlie teacher's desk. Provision may be made 
to store those in current use witliin easy. reacli. 

Certain types of models lend tlieniselvci readily to mounting on 
the bulletin board, the wall, or an open ledge around the room. 
.\rtisiic distribution of posters and models about the room lends 
a mathematical atinosj)liere wliicli will serve to stimulate student 
interest in the subject.^ 

We must not fail to mention the benefits derived by the stu- 
dent in making models. The completion of a model gives a feeling^ 
of satisfaction and accomplishment. The admiration shown by the 
n-st of tiie class pays for the time spent in its construction. Often 
it is the weaker ^^uident who makca tlie best model. Hence, 
he should be encouraged, for it is he who most needs to "square 
himself" in the eyes of his fellow students. The use and display of 
a beaut ifullv made student-model will result in increased appre- 
ciation of the imi)oriance of good \vorkinanship, neatness, and 
accuracy, and will stimulate others to inipiove existing models 
or to [)lan new ones. .\ good collt'ciion of models is not assembled 
in a (lay or a month or a year, but it is amazing how tlic collection 
i^iows and the (li\idcnds it pa\s.^" 

*("ok. M.H\ Kuril. " Stiniuhuin^ Irurrrst m Nf.tihrrn.i(i<s li\ Crr.ii iiij: .i NfaJhe- 

tn.Jfir.il Atniosphrif *• Ihr S^^ith^mntit k '}\a<hrr, \f>l LM, pp. April, 1931. 

Nf()ss(n;iru IMiOi I.. "A Nf.ith Ro..m \ \xm Spcjks f<»r 't^flf " h.ml S( trtK r atiii 
MnfhrrruUu s. \ nl V,, April. ViW 



BALSA AND CLAY AS U'EACHLNG AIDS IK 
HIGH SCHOOL MALHEMATICS 



HarriekB. Herbert 

Two NiA KtjfiALs, not in gcneralmse, have been found most helpful 
in clarifying geometry problems. They are the light balsa sticks 
used in making model airplant s, and conunercial modeling clay 
used with balsa stichs or with the *Tiddlesticks" or **Pick-up 
Sticks** whicli may be puicliascji in toy stores. 





Figure 1. Allic Phifcr and His Regular Solids 

Most boys dcHght in making neat constructions with balsa. They 
spend hours on a regular dodecahedron or icosahedron, mitering 
the corners with the aid of a razor blade and patiently applying 
a bit of ail plane cement at every joint. They will also read most 
carefully the statement of a difficult problem, build a model ac- 
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cording "to its specifications, and gain new understanding for 
themselves and for their classmates. 

My most unusual experiment with a class using balsa has been 
building the tesseract, (a b) *. an original problem in the fourth 
dimension. 

One day, in listing some twenty suggestions for individual 
work in my plane geometry class I included on the mimeo- 
graphed variety program: "Makc^a balsa model of {a -\- b)^ to 
demonstrate the binomial theorem of algebra," the fust steps 
of which aie shown in- Figure 2. In presenting this particular 
suggestion, I reminded the class that, when theyMearned that 
(a -f /;) ^ — a~ -L 2ab + b^, they had probably drawn a square 
a b on a side, and easily divided it into a~, a square with side a; 
2ab, rectangles with sides a and b; and b^, a square with side b. 1 
sketched this scpiare on the board. Anyone who cared to do so was 
to construct such a square, (a -f /;) of sticks; and on that square, 
divided into a-, 2ab, and b-, to build a cube to show that (a -\- b) » 
is composed of u^, ^a^b, ^ab'\ and b^. 




FApatision of tlic Biiionii.il 
'I licoi cm 



Next 'day a sirl brought in the first cube, a good one except for 
the fact that she had put it together with pins where a boy would 
have used glue. Then a number of well-made cubes followed. 
.Among these was a large one built on a fourteen-inch .;dge, with 
the short a ends of the sticks painted brown and the long b ends 
green. The hoy who made this one hinted that he liked such work / 
with sticks and glue better tlian writing a paper on Thales, and 
asked for another job like it. I told him I could think of nothing 
better than to try to (any out this construction to the fourth 
dimension. 

The fourth dimension was a new idea to all of my classes. The 
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figure I wished to iiuroduce to \hein was the tcsseract, the name 
given to the extension of a cube to fourth dimension. }ust as a 
second dimension is added to a line to fon.i a square and a third 
to a square to form a cube, a fourth is added to a cube to repre- 
sent a tesseract. 

Because we had only three dimensions in whidi to u'piesent 
a tesseract, we were in the position of a person wishing to draw a 
cube on paper. Perspective had to he usfd. Tlic two acicpted wa\s 
of representing a tesseract follow exactly the two ways of. drawing 
a cube. The slightly sidewise view of a cube consists of a fore- 
ground square and a background square joined Ijv, slujrtcned 
oblique parallel lines; The direct view of <i cube shows a s(iuare 
within a square, as if one were looking directly into a box or down 
a well. Sinularly. the fust tesseract in.Kii>ure 3 has a iorctound 




Figure 3. The Two Views of the Single 
Tesseract 



cube and a batkgiound cube joined by parallel oI)li(}ue lines 
slightly shortei than the other lilies to ^ixe the illuNion of i)er- 
spective, while the second hgure is a cube within a cube. ^ 

Having learned what a tesseract would look like when repre- 
sented in three-dimensional space, the boys added the fourth 
dimension to their large cube painted brown jind green. The 
foundatif)ii cube being alieady divided into cubes and rectangular 
prisms, it reniained for us to divide all the newly added lines into 
(a -}- b) lengths. To do this completely was lealh coniijliiateil in 
practice, but simple enough in theory. Sonn, e\eiy .s(piare on 
the whole model had become a~ -|- 2ab every cube was 

a^ -f- -U ?,nb'^ -f and it was yu to be ^hnwn tiiat the 

complete tesseract was a* -f Aa^b -f C)a-b'^ ~\- Aab^ -j- b\ The direct 
view of (a -f b) \ at right in Hgure 4, was made later. 
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Figure 4. Tlie Tesseract (a -f /))• 



\Vc easily idciui{iccl a\ a cube with side a being its fou\idai«->ir 
cube, with an added dimension of length a. Sonic of our ibt^stji-- 
dents UKulc diagrams showing the other h)nns that would be 
present in {a -f b) •*. I-igurc T) shows the clfett of adding a di- 
mension to d-b or to ah-. Since, at everv vertex of a-b, tlnee 
lines meet, two short rt's and one long h, the resulting figure, after 

at' 
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another dimension is added, will have at each vertex an added a 
or 6, and will thus be either (vH) or a^b'^. Theie are, similarly, two 
possibilities for air, which may become cither a^b'^ or ab^. We 
were able to identify and label, not only the two tesseracts, and 
6S but also the fuiuteen additional hyperprisms correspoii^ing 
to the other terms of the expansion, namely, four a^/;'s, six a^b'^'s, 

An mteresting feature of this type of geometry — adding dimen- 
sions — is that still more algebra is inxolved. Secifig that in a 
square two- lines meet in a point, in a cube three, and in a tesscr- 
act four, we found, the number of sticks needed to make each 
model, using the theory of combinations. Also, by counting ver- 
tices, edges, faces, and so on, the students discovered lhajL these 

2 1 ta*o 

f & 12 6 1 itt^^^ 
IG3124 J 1 Vi^ti 

J 

I i^uiv 0. C'.tJUniini^ the Toims and Lines 

luimbcis aie the bin(Jinial coefiuiems. Kiguie (j deuioiKstiates 
the known theoicni for the series, line, s(ju;ue, cube, and tesseiact. 
In counting the eight cul)es u[ the simple tesseiact (sec Figure 
3) , we find six of them disttnted, just as four of the six scpiaies in 
the di awing of a cube aic distorted. In Figine 3 the six dis- 
torted cul)es of the fiist figuie appear as parallelepipeds with rec- 
tanguhir bases, while in the serond figine they aie truncated pyra- 
mids with re( tangular bases. 

A high scho(;l boy easily cairied the simple tesseract on to 
the fifth dimen.sion (see Figuie 7). He also built a simplex, a 
figure founded on the e(}uilatei*il triangle and regular tetrahedron, 
and extended it l«; the sixth dimension (see Figuie H). "Flicse 
two constructions, either of which could have been carried to still 
higher dimensions, led us intf^ more geometi^ to be interpreted 
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algebraically. The models shown as Figures 7 and 8 are entirely 
original. Figure 8 is of colored sticks. It began with a single 




Ff^nre 7. The Fifth Dimensional Fi-^uie S. The Simplex of the Sixth 

A!ia!t)j;ue of a Cube Dimension 



Slick of one color. Two, of a new coloi, were added to make 
the triangle. Three, of another color, meeting at an outside point, 
formed the tetrahedron. It will be noted that the number of 
slicks used to add each dimension is equal to the number of the 
new dimension. 

\Vhih? the mathein.Ttics classes were interested in the building 
a!ul study of fourth dimensional models including the regular 
polvhedroidji, the art instructor had her classes make original de- 
signs suggested by our models of the regular polyhcdroids. Some 




I-iK'iit' [I Sii;^m-s(c<l by Regidar 

/ 



l imine 10. Designs from 
rohhedioids Elaborated 
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of tlicii cle.'^igns arc shown hi Figures 9 and 10» The students 
phm further to design wroiight-iron gates and, possibly, stained 
glass windows by modifying these designs and developing others.. 

Our use of chiy, the other material we have brought into the 
geometry class, involves no stretching of geonr^.etry beyond the 
bounds set for tiiat subject by Euclid; in fact, it demands no intri- 
cate mathematics n-haiever. On the contrary, to use a clay founda- 
tion on which to build a figure of '^fiddlesticks" or **pick-up sticks" 
provides a simple and quick way to get a figure before the class 
in solving probk'ins for which a drawing seems insufficient. 

We knead clay and flatten it into a hose ^ box. In the smooth ' 
clay wo can actually bisect ani^les or construct perpendiculars. 
We use tlie clay box, however, chiefly as a foundation in which to 
stand sticks forming a pyramid, a parallelepiped, or other figure. 
The "pick-up sticks*' purchased for a game of the same name are 
very good for this purpose. When sticks are brought together at a 
point, an extra bit of the clay serves to hold them there. After the 
problem is solved, the sticks are removed, any drawing in the basal 
clay is erased with the pressure of a finger, and the clay box is 
ready for the next problem. Iherc is no trouble with leftovers 
as in the case of caulboard and string models, too good to* be de- 
stroyed befoic the eves of their creators, but not worth handing 
down to posterity. 




I'imnc 11. Clay Boxes with Fiddlesticks 



'I lie fn.st model in 1-iguie 11 should give a clue to the solu- 
tion of the theoieni. lite pcrfjcndicular from the intersection 
of the diagonals of a parallelogram upon a plane that does not cut 
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the parallelogram is equal to one-fpurth of the mm of the pertJen- 
diculars from the vertices of the parallelogram upoy\ the plane 

Ihe second model in Figure 11 would help an amateur in 
solid geometry to see the right triangles involved in the problem: 
The altitude of a regular quadrangular pyramid is six inches. Each 
side of the base is four inches long. Find the lateral area. 

By the time we get to spherical geometry, the class is usually 
more independent and less in need of props for its thinking. How- 
ever, some find it hard to visualize spherical triangles. For these 
the use of clay may again be helpful. The clay is removed from 
the box and smoothed -over a globular bowl. It is very convincin"- 
to make the di awing in the clay, with the help of compasses tha^t 
have been bent to reach a quadrant's distance and to demonstrate 
that // one sj}herical triangle is the polar of a second, then the 
second is also the polar of the first. 

In these days, hundreds of boys and girls are studying mathe- 
matics not because they love it or are particularly good at it, but 
because of the urgency of the demand for many to become expert 
in some of its applications. Therefore, it seems more necessary 
than ever that teachers find ways of making mathematics more 
attractive for them. We may find inspiration almost equal to that 
in teaching a brilliant student, in having these lesser ones say, 
"Gee, it's intcicsting when you really see it!" 



HISTORKIAL M.VI'KRIAL ON MODELS AND 
OTHER TEACHING AU^S IN M^'HEMATICS 

Lao Genevra Simoris 

Is AM. WORKS on solid geometry and related subjects, a figure in 
a plane is made to represent a figure in three-dimensional space. 
C)!ie stumbling block at the beginning of solid geometry has al- 
ways been the making o( the solid emerge from the. plane figure, 
the seeing of a solid in a plane. This was especially true before 
hiws of perspective ^^•ere followed in the drawings in a book on 
the subject. Thi5 stumbling block may not exist, but there may 
be the problem of drawing a figure in a plane that shall represent 
in two dimensions a solid in three. There are students and teach- 
ers as well who can easily see a solid in the air, as it were, and can 
foUow the demonstration of a proposition connected with it, but 
who cannot niake a drawing of it Both tlie dilliculties suggested 
tend to make the first lessons in solid geometry critical ones. 

Since the solid must be seen either in the imagination or in Jie 
actual object, the obvious means of smoothing tlie path is the 
buildini; up of models. ^1 his is a legitimate aid at the outset, al- 
though it should he discarded as the course pioceeds. As the siu- 
dent advances in his studies, he should giow away from depend- 
ence on the physical and ;vrow into the purely mathematical ex- 
pressioJi of all gcoincti ical (igui t's. 

The recognition of this need of models is found in the first 
English tianslatioii of Eiu lid's Elements. This work is entitled: 
The. Elements of Geometric of the most auncicnt philosopher 
Euclidc of Megnra faithfully (noxu first) translated into the Eng- 
lishe toung. hy H. liillingsley, C:iti/cn (jf London. London, 1570. 

An fMelUiir j)r(?sentati()n of this woik hy Professor Walter F. 
Shentoti of Ameiican Liiiversity appeared in I'lie American 
Mathematical Monthly for Deceniher, 1928, under the title "The 
First Ffv^lish Fiic.lid." The article included the following state- 
incnt: " riie second volume coiUaiiis the tenth to fifteenth books 
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of Kiiclid, with a sixteenth hook added l)y Mussas. The wood-cuts 
iUustratinjj the soHd figures are most bcautirul, hut one of the 
most interestiui? features of the eleventh book is that many of 
the figures ^re made of paper and so pasted iu the book that thev 




Figure I. Funn aiil;ir;s!r;. -r.;'; t .if^j..^. .// shtnifjft. 

may be opened up to make actual models f)l tlie space figures/' 
Then the article gives figures; one "shows ihe page of definitions 
of pyramids, and illustrates with actual models, pyramids with 
triangular, quadrilateral, and pentagonal bases" (see Figure 1); 
another "shows similar figures to illustrate the proofs of such 
theorems as 'From a point geuen on high, to draw \ni() a ground 
plaine superficies a perpendicular right line/ " 

Early in the eighteenth century, another English translation of 
Euclid employed this same device but to a lesser degree. This 
work was entitled: FMclids EUnneyits of (Irnmchy from the Latin 
translation of Commandinr. I n ivhirh is added a treatise of the 
nature and arithmeiie of lof^nrifhms; likewise another of the ele- 
ments of f)lane and spherieal iriij^onometry, Hy Doctor John Keil. 
F. R. S. Now done into English. . . . IJv Mr. SaiMucl Cunn. Lon- 
don. 172.3. 

The first Latin edition of John Keil's Elements was printed in 
1715. Me justifies the ai)i)eaian(e of anoihei cdiiion in print on 
the ground that attempts liave been made in su{)erse(le Euclid's 
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u'oik Ijfi.iiii^c uf ihf tlctaluj)!! of nmueroiis faults, lie maintains 
among other things that "his Demonstrations [are] elegant, 'Per- 
spicuous and concise, carrying with them such Evidence, and\so 
much Stieni;ili of Reason . . 'lo the Elements, Keil adiis 
some trigonometry with a reason that sounds very modern: "Far- 
ther, for the Tse of those who are desirous to apply the Elements 
of Geometry to Tses in Life, ue have added a Compendium of 
Plain and SphiMical Trigonoiueii y, hv means ^^'hereof Cieo- 
metrical Magnitudes are measured and tiieir Dimensions expressed 
in Numbers." 

I1ie popularity of the Kcil wt)rk'is shown by the fact that it 
was translated into F.nglish and that the English transhation ran 
through at hMst hve editions, the fifth appearing in 1745. Mr. 
Cunn claims that he has concctcd some errors, particularly in 
the solution of certain cases of 'Oblique Sphericks." Hie geo- 
metrical part of the work follows the usual order of Euclid, Books 
1 to (), IL and 12, but in a much abbreviated form. The diagrams 
are found on one sheet at intervals throughout the book. I3ut it is 
the section on trigonometry which offers sjiecial interest froni the 
standpoint of models. At the end of the woik, there is a sheet from 
^^•hieh figuies can be erected to be used in connection with certain 
propositiotrs. I here are just three of these figures, but each one 
serves to ilhistrate s^'\eral theorems. 

I'he upper figurj is a separate circle pasted onto the sheet. To 
it at a diameter is pasted a circle, half of which can be lifted up. 
Tlie a})piopriate Hues are drawn and letters attached for the sev- 
eral ih<'orems. seven in number. I'he middle model (see Figure 2) 
consists of a circle (foreshortened in t!ic figure) pasted to the 
sheet. Ah)n'4 nvo ladii OA and Oil arc attached two plane right- 
ani^Ied tiian,;les OA I and OIIG which can be made to stand up- 
ric^ht for use in two pnjpositioirs. These are: "Prop. 23. In spheri- 
cal iiianolcs liAC, nn/-:, right angled at A and //, if the same 
acme angle B be at the base HA, or HI I, then the sines of the 
hypotenusis shall be {)rr;portionaI to the sines of the perpen- 
dicular ar(s; Froj). 2 }. The s<imc things being supposed, ^Q, HK, 
the sines oF ihc bases, are prc^poi tional to lA, Gil, the tangents of 
the perpendi( uhir au s." The h)Wer model serves for two theo- 
rems. Its fouiidaiion is a circle pasted to the sheet. To tiiis is at- 
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tached a sector pasted along a radius but not on a diameter. This 
sector can l;e made to stand uj>. / 
In tlie same year with the appearance of Cunn*s translatioj/ of 
KeiTs EucUdy Kdinund Su)ne published. The const riH^Ufm and 
principal uses of the mathematical instruments^ Tjatislated from 
the French of A/. Bio)L London. 1723. This work contains plates 




l imnc 2, "Starul ui)" Model from Cuiwi's Translatit)n oi 
Kc'l's l:u(li(L 



with the Usual diagrams for making the regular solids and a draw- 
ing ol the appropriate solid itself to the left of each diagram. 
\V'hilc work purports to be a means of making mathematics 
piat iical and uselul in the affairs of life, it does give some sug- 
gesiir)ns lor making the theorems in solid geometry clear. 

Fuiihcr evidence that these '^stand-up" figures were finding 
favor ai)pcars in the work: Geometry made easy; or, a nexo and 
methodical explanation of the cleinents of Geometry: to which is 
added a )iexe . . . metliod of exliibiting in miniature the various 
kinds of solids . . . scliemes cut out of paste-board. By John 
I.ckIu;^ Oidwley. London, [1752]. 

A cojn of this book is in the liiiiis}i Museum, as noted in cata- 
logue of the same. One has not yet l)een located in this country. 
The (onients of ilie woik are outliiK^d on j^agc 3 of another work 
by this auihor as folh)ws: "'I'he work li(*re alluded to was com- 
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pleated in the year 1752/ and contains a very easy and concise 
cotuincntary on the first G, tl, 12 and 15 books of Euclid [books 
14 and IT) were added later than the time of Euclid himself]; some 
material propositions of Archimedes, concerning the cylinder, 
cone, and sphere; the principles of algebra, with its application 
in solving geometrical problems; and an introduction to conic 
sections; together with a method of forming, in miniature, solids 
and their sections, by schemes cut out of paste-board, which ren- 
der it useful to those young students for whom it. was designed.** 

The same author published; Ayi appendix U) Euclid's Elements. 
In seven books. Containing forty-two copper plates. In xvhich the 
doctrine of solids, delivered in the eleventh, tivelfth, and fifteenth 
books of Euclid, is illustrated and rendered easy by hexu-invented 
schemes cut out of paste-board. London, 1758. 

At the outset, the author refers to his earlier work and then 
adds> **I come now, according to the promise which I made in 
the preface to that ^v•ork, to lay before the public a new perform- 
ance the chief scc^pe of which is to produce mechanical represen- 
tations of solids and their sections*' and much more along this line. 

A second edition of An appendix to the Elements of Euclid 
appeared in [170-?] with a slight Nariation in the title. **Contain- 
ing forty-two copper-plates'* has been replaced by **forty-two move- 
able schemes.** Cowley justifies his second printing in his preface 
when he say.s: **The approbation shown to the first edition of this 
work, and the many applications made for it while out of print, 
are motives that have encouraged me not. only to issue this second 
edition, l)UL also to make sundry additions and improvements to 
it, . . . but as these things would augment tlie present work too 
much, and that those who have the first edition hereof may have 
an opportunity of obtaining these additiors without detriment to 
their former purchase, they are reserved for a second or supple- 
mental volume to what is herein contained.'' Such a supplemental 
volume has not been located in any library or catalogue and so 
there seems tc^ be no extant volume to show that it ever appeared 
in print. . 

Hie ^'moveable scfu me*' employed may be described by taking 
an illustrat'on from the book. To make the Exoctoedron or 
Canted Cube (see Figure 3), the outline of the entire figure. 
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cxtt-pi foi sides o[ ihc nIkuIccI .s<]u.iu\ is lut (iUi. i lu; .scvcial 
liiU'S (hcxc twelve in minil)cr) uliidi cioss the diai^rani are so 
pressed that they (an he casih Inhled. "I hus the six ecpial S(juarcs 
and eii^ht e{|iial e(iuilateral liian^h's (an hi^ placed in sueli a posi- 
tion that the solici with tlu^ shaded sfpiaie as base can be fonned 
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(see Figure 4) . In the words of che author, . . nothing remains 
to hinder the reader from a clear sight of the true form of these 
bodies l)ut the little croublc of raising up the figure, and folding 
its several parts arc und that particular one which is distinguished 
from the others by ^Jing shaded." I'his is the familiar means for 
making a solid. Here it is already at hand in the book. The dis- 
advantage of the st heiiie appears at once. Only propositions which 
relate to solids whose entire surface can be flattened into onecon- 
tinuous fii»urc can i)e re])rcsfmted. Such propositions as Itave been 
described in the Keil book are not possible by this scheme. 




illume 1 NTodcl of Figure 3 in Upright Position 
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iNfVci iliL'lcss. Cowley dors picsoiu ;i number of interesting solids 
;uul pr()])()>iii{)ns. [h)ok I e\luliiis the five regular solids; Book II, 
one u-^uKir solid iiiMrihed in another, to be used with Kuelid XV, ' 
l-T); llnok 111. live ol the iiienuhu .solids (these aic fi\*e out of 
ihiiiec-n of the *^euli-re^ul.^* j)oKhedr»i which were investigated by 
Auhinu-des. Replei showed how these (ii^uies can be obtained), 
also soliil iliond)us. soHcl ihoniboids, dodetai lioinbus; Hocjk IV, 
\an"U> sous ol piiMiis: Uo(^k \\ \aiious ninds of pyramids, and 
iheii liiistunis; llotik the lieaiuient here is especially coin- 
■meiided hv ihe author in these words: **In the sixth, the prtipo"!!- 
tinii^ of I'nclicrs ele\enih and twelfth books are clearly explained, 
and so illustrated, as rendeis them perfectly easy to be compre- 
hended. \^*ilhoui perplexiuL* the mind to conceive lines as drawn 
.throu;j.h sU(. h and such points, as raised up and meeting together 
at sue h and such i)oiuts ai)ove the plane, having only an itiiaginary 
c\istenc-c in the mind that conceives them; for the reader has here 
eac h .solid really foinied, and is at the same time furnished with 
an oculai vic\^- ot the sections, justly made and laid open to his 
si'^ht: Nvhciehue. by the [)eculiai contrivance here made use of, 
theie is no longer any didiculty in perceiving in the most Q\c?y 
and (()n\in(iny; maimer . . Hook \'II, the cone and the sev- 
ci d SMtifMis \^hicli icsidt in an isosceles triangle, a circle, an 
ellipse, a j)aiabola. aud a hyjierbola. (See Figure f) for the very 
nice cUnite here enijiloyed.) 

Wjlliaiu Joius. ^'Mathematical Instiument Maker, accidentally 
pin (based the jilatc-s" of the Clowley Apficndix and published: 
An ilhLs!ra/ifni (Uid mensuration of Solid Geomrtry; in seven 
(fonks: ( ontai)iing f<nt\-two ynovrable copper-plate schemes for 
ffninini:^ (lie vnriou!^ kinds of solids, arid tneir sections; by which 
the (!()( trine of Sfflids ir i^^oirraly arid those in the eleventh, twelfth, 
and lijteruth h(u>ks of luulid are elucidated, and rendered more 
ea.sy t(j lf fi)ner\ tiian h\ tin\ a'oik hitherto p}il)lishe(L By the late 
fohu I.ocl'^a' (;()\^-le\. '1 he tliird edition. London, 1787. In this 
^uluine. foncs claims to have re.vised, corrected, and augmented 
ihe {'.(jwlcy woik, but thr changes do not affect the models in it. 

The thiee editions of the ( lowley /} ppendix indicate that it met 
a ic\d need of the titnc. Jones might ha\e been writing a preface 
for a modern educational W(^rk when lie introduced the third edi- 




limine J lioin (nwliv s AlflHtuiix Uulhiif d MtMlfl to Hi- R.usutl lo Simw ;in 
rilipSL* as a Sfctum of .i Ki;;ht Circulai Cone 

lion bv savinn-, ''Probably in no branch of the mathematics docs 
the student meet with more embarrassment than in the stiidv of 
the geonietrv of solids; for most of tlie authors who have treated 
thereon have adopted the usual method of ec^pyinfj; the abstruse 
and perplexed linear selu'iues the ancients, wliich for the 
greater part are so inconsistently delineated in perspec live as to 
render it impossible, even to Kuelid himself, to divine the bodies 
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iiuended to be represented by them. It was. undoubtedly, from 
a consideration of this kind, that Mr. Cowley was excited to any 
attempt of exliibiungthe various kinds of solids treated of Euclid 
and other geometricians, by moveable and folding paper schemes 
or figures, by which a person of the most slender capacity should 
at a small, or no expense of time have a clear and rational idea of 
the several solids, and thereby be able to investigate their prop 
erties with more perspicuity and precision." 

A note in "A second-list of books and pamphlets in the Library 
of the Mathematical Association,"' London. 1929, states that 

. . K C. M. Marie reproduced 2i of CowleyJs figures, with 
acknowledgment, to form a volume Geomelne Slereograt^hique, 

Before the appearance of the edition by William Jones, another 
author adopted the device of "stand-up" figures, and entitled his 
publication: A Royal Road to Geomdry; or an easy and familiar 
iniroductwn to the mathematics. By Th(;mas Mahon. London 
1/ /4 An (^xcellent and complete article, by L. Leland Locke, on 
this book appeared in Scripta Mathematica for March 194 1 Mr 
Locke calls it "A Book Old Enough to Be Considered' New" and 
points out a number of respects in which it anticipates the s(;- 
called "new" approaches in geometry of recent years. 

The interest in Malton's work for the sul)ject of models lies in 
its use of the scheme of Billingsley although on greatly improved 
lines (for "Mahon is the author of a large treatise on perspective 
in which the same type of figure is utilized.") It is an impiove- 
nient on Cowley, for we have here only the base of the li.r„:e 
pasted to the page instead of a part of the fiiruie. Hence "several 
pieces may be used which would overlap if thev had to be cut 
from the j^age." Malton may have been influenced by Kcil as well 
as by hillmgsley. In his preface, he refers to this autiior when he 
says. "Dr. Keil in his Preface to his Translation of Commandine 
and also Mr. Curui seems to think it an iinpai don.ible fault in 
lacquet to omit the demonstrations of the 'jth book. . . 

N*o real study has been made of extant matlieiratici.I models in 
wood and brass. In Early Science in Oxford Part II Mathematics 
(R. r. Gunther, Oxford University Press. l.n\uhm/l<V^2, p- .30) 
the author list5 the mathematical models at Oxford. IhZ list in- 
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eludes the fulluwiiig: "Models tur deiiiunstrating Propositions in 
Euclid; liefoie 1G!)7. lornierly in Savile collection, now missing 
[known fioiii a nianu5ieuj)i of lOD?]"; ' Two 4-inch Demonstration 
Spheres, bisected on the ecliptic. c.IGjO, These two small spheres 
of beechwood are all thai remains of the elaborate instrumental 
outfit of the Savilian Piofessors which was kept in the Cista Malhe- 
viatica [the great Mathematical Instrument Box of the Univer- 
sitv]"; "Tliiee Demonstration ST)heres, c.1700 . . . Marked in 
ink to illustiate j)ropositions in spherical triangles. Two of the 
spheres are suj)portcd in turned wo(jden pedestal cups," (See 
Ki^uie fi.) 




t•l^lne b. iToin Uxt^ra Loiiecuoii oi .Moucis. rcimissioii 
of Clxford I University Press 

i 

IhcTc .iif sj)IuTi-.s in use today which resemble the last-named 
solids. 1 lu'sc aic small slated i^l()})es /'sjiliei ical blarkl^oards) 
whi(h rest in a standard of iron and which are to be used by 
the student in spheriial i^enmetry and trigonometry. 

This brief historical sketch inay S(,'rve to show that the use of 
models as teatbini^ aids in inathematics is not new. 7*he periodic 
revival f)f any aids and })r()jccts seems to indicate that methods 
move in cycles and this is no criticism of the individual methods. 

Further liru-s in wliii:h mechanical aids apj)ear are color, paper- 
cutting and foldini;. the (Chinese puzzle, and. doubtless, others. 
The fust mathematics text, to use color, and that consistently, was 
an Knglish publication entitled: The first Six Books of the Ele^ 
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^ !h l}juare on tlu^ 

/'.f' /hfjj 'yf the fpiares ofthcJtJi's^ ( " ■■■ ■■■■ 




Or 



dcllribc lqUarcs> (pr, 46.! 



Draw II (pr, ■^i,) 

.ili-> ilr.i\v — and 



To t i(. h .ul»l 




It Mm- 7 |v ih [_;im\in l hi 'Juni lM>tti \^\\\\k:\ l^ulul ill Cailoi 

nifuLs t)j I in u'ltif h colon) fd diagnnns and syrtibols are usrd 

lustrad oj Ictlf^ jor lite ^j^rcalcr cast' of learners. By Oliver Hyrne, 
SniAcyor ot Hci Maj< .r\\ .srttlvincius in ihc Falkhuid Islands. . , . 
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^London, 1847. 1 lic-nanuTof the printer, William Pickering, indi- 
I catcs that it was regarded as a work of importance, but no cvi- 
Vence can he addured to prove that it infhienced later ^^•orks. In 
i\ color runs riot and it must be regarded as a freak presentation. 
A\the same time, it probably was the ftrst work in print to sug- 
ges?>k^ colored (ihaP or pencil can be really helpful in compli- 
cated geometric diagrams. \ 

'I'lie line of treatment will be indicated by reference to the dia- 
gram [or the Pyihagoieau I lieorem (see Figure 7). I he colors are 
employed as f()no\\*.s: In the right triangle, shorter side yellow. 
^ s(juarr on ii bla( k; longer side blue, square red; hypo;enu$e red, 
s(juarc^ in two rec tangles, to left blue, to right yellow; continuous 
Hues wliicli crosr, tiiangl^e black, dotted line red; angles at lower 
right vertex of triangle, clockwise, blue, black, yellow. Only four 
colors are used throughout and the color is solid. The proof pro- 
ceeds by use of ({)h)ie(l diagrams. Here, in words to name tlie 
colors, blue ani^Ie ecjuals yellow angle. To each add black angle 
and so forth. 

The only books that approach this one are Sew Plane Geom- 
rlry b\ Webster Wells (Boston, 1*J0.S) and \c:c Suiid Gromciry 
(same author and* date). The foniier contains thiee plates in 
which the sides of triangles arc outlined in color; the latter con- 
tains two plates in \\'hich planes are shown in solid color. Plate V 
is for the pioposiiion Ilic vohnuf aj nn\ f}arallrl<'fjil)r(l is equal 
to the f>)0(hi( I of lis base ayid nllitudr. 

It is not the intent of this brief survey to recommend any of 
these aids foi ptesfutdav use. An cxaniinat ion of the books them 
selves, as opporiunitv j)resents itself, is rt'connnended instead. 
Thrre can he no more enjoyabh* and uplifiinti; e\]H*iience than 
to see at fiist hand the* woith uhih- efh>iis of an aK*it tcatluM like 
Mr. Ce)\^•U•y to make the sul)ie{'t of mathrniaiics .? Niial tiling to 
his students. This is the ambition of a teacher \\'orthy of his call- 
ing. 

.V«W'-; 'I lir :!ill|ior ui^lns Nj .u I M'An ](•«! .i' {\\v (niiittsN df \l.s^ .\tii:r S I'l.ilL H'f 
noiKo li 1)1 :ir ijii of Naif I 'ir.NJ-rsiis I.itji.'iiv. in srii(l:ii; a tn|>\ nf ilic fust riliimii n| 
Cowlcs's Afi(>f'iitUx: .iIno. cif the I'linijtt'tn I.ilii;nN. (^«!uniiiKi I in |nn\ifl 

ing a scft»: j aiition :ni'i il!ns!r.i(;«»n«* i\y\n tin* s.inu'; tni,i!!\. «'f i!if l.iif Mr. I.. I.c* 
land I.(»fkc, whci Id.mod his fM{)\ nf (he tln'i'l (ilit;«>n. imr tif rl.t: fnir did solnnics in 
(he lihrarv i»f thi'; fdHciiui fjf ^jumI hdfik'i. 
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THE CONSTRUCTION OF PLAITED CRYSTAL 

MODELS 

Sumthary by Virgil S. Mallory 

An interesting method of constructing models of various poly- 
hedra is explained in a little book now long out of print. The 
unique method used will undoubtedly have sufficient interest for 
teachers of mathematics to justify the summary given here. 

The title page describes the book as "A System for the Con- 
struction of Plaited Crystal Models on the Type of an Ordinary 
Plait; Exemplified by the Forms Belonging to the Six Axial Sys- 
tems in Crystallography; by John Gorham, M.R.C.S. Eng., fee, 
Tonbridge, Kent; E. and F. N. Spon, London, 1888; IV -f- 28 
with 56 Plates 24 pp. Adv." 

The author states in the preface: "It is now some forty years 
since I had the honour of demonstrating before the Royal So- 
ciety in London A System for the Construction of Crystal Models 
Projected on Plane Surfaces. These figures folded into the re- 
quired form, and subsided into a level at pleasure— they were 
easily moulded into shape by bringing their edges into apposition 
with the fingers, and were as easily transferred from place to place 
when flattened in a portfolio — they constituted, in short, an ex- 
tension of the plan used in modern mathematical treatises for 
extemporising models of the five regular or Platonic solids. . . . 
Each [of the six crystalline] systems consists of a skeleton model 
of three or four rods of wood, wire, or glass; these rods are called 
axes, round which the forms can be symmetrically built up. Upon 
these axes it is proposed, in the first place, to find the faces of the 
required model by direct measurement (or recourse may be had 
to Spherical Trigonometry, as the case may be), and in the next 
place, to build them up into a model by a process which it is be- 
lic'ed has not been hitherto attempted. It consists in taking an 
ordinary pi--' ,f three or four rushes, defining its intersections in 
numerical oi^cr, and thus eliminating the type on which every 
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model is con.sUuctccL Ry strictly adhering to the type it was 
found, moreover, tliat those solids which were confessedly irreg- 
ular atid-most difhcult to understand — those, for instance, belong- 
iuy; to the doubly oblique system—iK'QVQ made with the same fa- 
cility as the cube itself. . . . On a careful examination of one of 
these crystals, its faces appeared to be arranged in narrow strips, 
which could be traced round the form in four different directions, 
and seemed to cut each other in their course as if they intersected. 
It huame diflieult nor to reah/e the practicability of using strips 
paper- -of erossiii;^ tlieni just as tliese /ones appeared to be 
crossed in a real crystal, and of intertwining them as in a plait. 
Vouv narrow strips of paper were taken accordnigly, each being 
composed of similar ihonibs j)Iared together at their opposite 
edges, after ( n)ssing and recrossing repeatedly, a rough model of 
the form was eveniually obtained. . . . Ir l^ecame evident that 
the definite arrangement of the paits in a pKiit could be at once 
lUilised by finding the nunieiical order in whicli its intersections 
(1(4 111 red. This formed a chu* to the ^vht)k*." 

Since the j)iinii(ive forms heh)n,i;ing to (he si\ axial systems in 
( i\>tallo.L»raphy mav all he constructed fif)ni that for the cube, 
ihe'auilior em])lLisi/t s ihiU iniiM. iIiou.l;]! |)lates and desci iplions 
aie tiiven for other fonns. including crystals showing cleavage, 
^tii.iiion. and pyramidal hc^llows in the faces, as in crystals of bis- 
rninh and of i)f)tassiuni bioniidc and iodide. 

I he (ut «p. Lir)S| shows ilu- tmii plaits used in foiming the 
model of a c nl)c*. I he nuuibe) n show the order of ])laiting, the face 
numbeud I (nniiu- \\\\(U\ that niarLed I, etc. Faces niaikcd * are 
to "^ive siabiliiv in the m{)del, while those marked 0 arc base 
planes. DotittI liuis in(li(atc folding. 'I he resulting; i uhe has eacli 
fate (n^^p^^c•d ol four isnsr chs ii^ht tiianL;les. 

Nfofh'fu .itions tfj prnfhue other intere.stinij forms in crystallo^- 
raph\ are [)iM(huc(l bv efTecfinLf chanj^es \n the angles of the 
isoscihs iii.in^hs. W hrn the veitex ani^le is 00 \ th(^ cube results: 
when it is s.i . a- pvr.mu'd of Tniu- laLeral faces is raised on eaeli 
la<e as m smhu* v.iiit ii< s (A' ({iiaU/: while, if it is iedu(C(l to 70 
H". the lesulting nuuh*! is that of the rhombic fltulecahedron 
like '^.u net c i \st.ils. 

In f'^rntina du' model of a rhombic (hxh'C.iliedioti, the plaits 
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shown ill the figmc Iicie arc nuxUfied by rej)lacin<? each square by 
a rhonil)us, the shorter diagonal being parallel to the doited 
/Tolded) lines. If the faces are now numbered in the same vv^ay, 
tiie pattern will plait into a firm model. 
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In a similar manner the author shows the modifications to the 
(ul)ii model nc't css.uy to produce the other five axial systems. In 
cAc'iy case the type of axes tells (I) the form and angles of the 
l.u'es and (1^) the method of locating the sides. From the cubic 
plaits the mode of adjusting the hiccs to form a plaited model is 
obtained. 

A lii'-;h stliuo! niaiheinaticN < hib will (iuil the (<)nsttu<H<)n of 
lliese j)l.iite(l tusialline forms an inteieslini( and instiuetive proj- 
ect, paitirulatU it tiie t(»nsinu tion of the foims is aeeompanied 
bv an eleuieni.iiy sludy (if <i\stal axial svsiems. 



COLOR IN C;KOMErRY 

L, Leland Locke 



0.\r. OF iME [iist bo(;ks on plane geometry to '\sc colors in idcnti- 
fying parts of the Kitclidean figures was The I irst Six Books of the 
Elcmt'nts of Euclid in Which Coloured Diagratfis and Symbols 
Are Used Instead of Letters for the Greater Ease of Learners, by 
Oliver Byrne, London 1S47. 

' The extracts jfroni the Introduction whicli follow may serve to 
illustrate the principles set forth by Byrne in his book. 

"The plan here adopted forcibly appeals to ihe eye, the most 
sensitive and the most comprehensive of our external organs, and 
its pre-eminence to imj)riiu it subject on the mind is supported 
by the incontrovertible maxim expressed in the well known words 
\)f Horace: 

\ A fcel)ler impress through ihc car is made, 

\ Than what is by the faithful eye conveyed/' 

"The lettcis annexed to points, lines, or other parts of a dia- 
j^ram aie in fact but arbiti*ary names, and represent them in the 
dcmonsiiation; instead of these, the beinu; diffeiently col- 

oincd, are made to name thenrscKcs. for their fornrs in corre^^^ 
sp(aidinj; colours represent them in ifie demonstration/* ^ 

"In oial denioirsti ations \\c t^ain \viih (7:)loius this important 
advantai;e, the eve and the car can be addressed at the same mo* 
mem. so that for teaching; geometry, and other linear arts and 
sciences, in classes, tfie sNsiem is the best ever proposed. Besides 
the superior simpliciiv, this system is likewise conspicuous ^or 
concentration, and wholly excludes the injurious though prevalent 
[practice of allowing the sttident to connnit the demonstration to 
memory; luitil reason, anrl fact, and proc^f only make impressions 
on tiie understanding. Ai»;ain. if we mention the colour of the 
parts refeired to, as in saving, the red angle, the blue line, or lines, 
the pari or pans thus named will be inunediately seen by all the 

ERLC 




1 1.155 at (Ik* smwv iii.si.int. lint so il uc .s.iy liu- .niu;lr .\\\(\ the 
iriitnL^lf IM'Q. the lii>i a: IXtR. .ukI so on. for [\\c \ciiv\s must f)c 
ti.t(C(l uuc \)\ oiu* bffoic ilu' stii(l'*iiis aii.itiuc in ilicir minds the 
p.iitii ul.i! jn.i^uinulc H'lri red to, w tiii I, oii^n c .isioiis confusion 
.inci riror a> well as loss of liiiic. 
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Sounds which address the ear are lost and die 
In one short hour, but these which strike the eye 
Live long upon the mind, the faiihful sight 
Engraves the knowledge with a beam of light/* 

Figure 1 is an illustration of a typical page showing the proof 
of a theorem of plane geometry. In the triangle shown, the right 
side and its opposite angle are red; the base and the vertical angle 
are black; and the exterior angle is sho\vn in yellow. The contrast 
of these colois is partly cniphasi/ed by the reproduced page shown 
in the figure. 

The demonstratian reads: 

'The red angle plus the yellow angle ecjuals two right angles. 
Hut the yellow angle is greater than the blue angle (pr. 16) 
Theieforc. llie red angle plus the blue angle is less than two., 
light angles. ^ Q.E.D." 

' Note th.at liyine oniils the customary pai ticularizaiion of the 
theorem in the foini "Given" and " I'o j)ro\e/' 

Both Mi\ Moriis Cohen of the mathcmaiics department of the 
IJoys IVchnical Hii;h School, Brooklyn, Ne\v York, antrihe writer 
have found that a class in plane geometry \vclcome with zest 




1 ii^ujc 2 



an occasional cxiui.sitjn iiiin color, u^in^ (ohncd chalk on tiie 
blackboaicl and tnloud pencils on paper. Mr. Cohen has devised 
a vaiiaiu ot ihc i)lan iui jjiiiuii.g j)Uij)(>bes lo a\oid die expense 
of Lnlc)ie(l j)laie:>. Foi the fnim of Figuie li» the designations of 
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lines and angles might be black, white, dotted, dashed, dot-dash, 
double (lot'dash, or other variations. Figure 3 shows a simplified 
form, adapted to blackboard and paper use. 




Figure 3 

The Byrne volume is not only a beautiful addition to the anti- 
(juarian's collection, but it has some pedagogical value. A rec^rit 
b(K)k. "Introduction to Geometry," by A, W. Siddons and K. S. 
Sncll, Cambridge University Press, 1939, contains on one of its 
pages four figures for proofs of the P^'ihagorean Theorem hi color, 
another figure lor parallel lines, and two others on congruent 
tiianglcs. So the basic pedagogy of Byinc, with its combined ap- 
peal to the ear and e^e, may, under present-day printing methods, 
.soon he used to a greater extent in our phmc geometry texts. 
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AN EARLY WORK ON MECHANICAL DEVICES 
FOR DRAWING THE CONIC SECTIONS 

/ Phillip S. Jones >' 

Although mechanical devices for drawing curves date back at 
least to Xiconicdes (270 B.C.). ^vho used one suclj for drawing the 
conchoid which he designed to trisect angles,^ and although 
devices tor drawing conic sections were first heard of not later than 
Proclus (A.D. 410485), who discussed an ellipsograph,- never- 
theless the book Organica Conicarum SeQtionurn in Piano 
Descriptione Tractatus (A Treatise on Devices^^for Drawing the 
Conic Sections) by Kranciscus van Schooten, printed at the Elzevir 
Press in Lcyden, Holland, in 164G, is of much interest both in 
itself and in relation to the history of mathematics and of mechan- 
ical devices in particular. (See Figure 1.) 

The first cliapter is of some historical importance because of its 
description (/ a mechanical device for drawing a straight line by 
means of a link and a triangular ruler. The existence of this 
earlier work is little known^and, as a result, A. Peaucellier is usu- 
ally given the credit of being^^the first to construct a straight*line 
linkage witli his inversor of 1864. In van Schooten's device showp 
in Figure 2, AB — liC = BD, with the result that as vertex D of^ 
the rigid triangle BCD slid along line AE the other vertex, C, of 
tiic tiian^le would trace the dotted line. For prc^of van Schooten 
sliows that angle CAD \/y angle CBD. He notes that if CBU is 
a s(rai;-;hi line. CA i to AE. Peaucellier's device, differing from 
this, is a true linkage with no sliding );arts and does not in\(jl\(^ a 
previously i»i\en straight line. 

This hook is of further interest because it treats all the conic 
sections in a unified fashion, lists a variety of mechanical devices 
for describing each, and gives several different solutions to many 
of the construction problems tiiat it sets up. For instance, in 
Chapter VIII the problem of constructing an ellipse, given the 

' Tool lie »tfs 1 ttt \ jcfri lo irfo;ctic(^ ai tlic ciul of this aiticle. 
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CONIcAkllM SECTIONUM 

IN PLANO DESCRIPTIONE, 
T R A C T A T U S. 

GEOMETRIS,OPTICISi 
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Ciii fubncxa cH: ^pcndiXjVic Ciibicannn 
jCqiiationura rdblMUonc. 




Ex Officina Elzcviriorum, 



AcroL)cxLvi, 

Figure 1 



tori and ^cMti:(\s. is ticitccL Otic vSolution i^ivcii f^r this problem 
is the f.iniili.ii piti and stiing cotisivuc tin?i whic h is based on the 
I'.u I that th(' sum of the focal radii is (onstarit. In the following 




cliaptci" iIk" same problem h)Y tlie^JiypcrhoIa treated by a similar 
scries oT (le\ ices, one ol" whieli, as shown in Figure 3, is a pin, ruler, 
and string" eonstruetiou (tlie strin<^ is r;rsten(*cl ai xV and C) based 
on llie fa( : that for an hyperbola the diirerent'c of the focal radii 
is eonstant, A sirond solution to this problem for the ellipse was 
obtained bv usino; the foiu-bar link.i<;e sh<n\n in Kiguro 1. After 
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Figure 5 » 

discussing this ioluiion. van Schootcp acUlcd a scholium showing 
how this same linkage could he used'-'to dcicnninc the tangent A'£. 

Other problems solved mechanically arc these: to construct an 
ellipse given the axes, given any pair of conjugate diameters, given 




V 



Conic Sections 




a latus rectum and the tiansvcisc axis; r.o cotistriict an hyperbola 
given its axes, given any pair of conjugate diameters, given a 
laius rectum and transverse axis, or given a point and the asymp- 
totes; to draw a j)arabula, given the axis, vertex, and latus rectum, 
or given the focus and vertex. Several theorems on the areas of 
parabolic segments are included at the end, * 

Figiu'es 5, 6, 7 show what is esseiuially the same apparatus used 
to describe in tmn an ellipse, an hyperbola, and a parabola, fur- 
tlier sfrevsin^Li; the family relationship. An additional construction 
lur a parabola is shown in Figure 8. 




Figure 8 
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I'his book was one of lh(.' earliest by an author whose works and 
references span one of the most interesting periods in the lilstory 
of mathematics. His father, Frans van Sthooten, also a niathe: 
matician, in .'627 published one of the earliest tiigonometric 
tables. The sources cited by van Schooten in this work are 
chiefly Euclid and Appolonius, with a few references to that fore- 
runner of the calculus, the Method of Indivisibles of Cavalieri. 
The .treatment of the problenis,in,this book is non-analytic; never-" 
thele'ss,/^-:in Schooten .shows, through references in the intrbduC" 
tion, familiarity with the works of Descartes, Fermat, and Rober- 
val, contemporaries who were working with the concepts vvhich 
were soon to lead to the analytic geometry and calculus. That van 
Schooten was also familiar with analytic methods is e\idenced by 
his Latin translation (1(M9) of Descartes' La Geomatrie with the 
notes of Florimond de lieaune. The -rapid spread of the method of 
Descartes is -in large part due to tliis translation into the uni- 
versal language of scholarship of the day and the added explana- 
tions accompanying the translation of the sometimes obscure 
original text. \'an Schooten himself applied analytic geometry to 
the solution of many problems in his chief work Excrcitnlioncs 
Mathematicae (1657)^. He also publislied a paper bv Christian 
Huygens on proba>)ility and in the se(:(/nd edition of the Descartes 
Geometria papers by John Hudde (on the solution of equations 
and maxima and minima. Van Schooten recoininriided the use of 
coordinates in three dimensional space and published trcai,ises on 
perspective, plane trigonometry, and .Mir\eving.' 

A final look at the title page, shown in Figure 1. of the work 
under discussion here reveals a few items of iiueieM. Win Schooten 
advertises the conic sections as of use in geometry, optics, 
gnomonics (the theory of the sun dial) . and mechanics. These 
claims he amplifies somewhat in his preface, telling of the reflect- 
ing or focal properties of the conies as studied In optics and of 
their use in the architecture of vaulted roofs and bridges. The 
appendix on the solution of the cubic ecpiation is missintj; from 
the copy in the autlior's possession. The printer's device is one of 
several used by tlic Fl/evirs. Finally, it may ])e of inli'icst to note 
(hat in the date are used the earlier fonu of Rom.ui lunncrals 
with el.^ for 1000 and I J for 500, 
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GEOME'l RY \V1 rU AN OPAQUE PROJLCI OR 



IF. Colliton 



\ 



For mork ahan ten years I have been using an opaque projector 
in the teaching of m) classes in phuie geometry. The two classes, 
numbering thirty-five to foiuy each, are composed of students who 
have shown above-average ability in their elementary ^algebra. 
Their reactions to the use of the projector siiow liow valuable 
other teachers may find this means o£ instruction. 

This is the plan. I hav^e drawn on 7'' x 10" 'cards the figures 
for the textbook theorems and originc'vls that I expect the class ^ 
to study. These are thrown on a screen, at the front of a slightly 
darkened room, by means of an opa(}uc projector. This practice 
saves the time required in having students draw the figures on the 
board and also permits a study of many ligures and originals not 
found in the textbook in use. 

On some cards the theorem is stated, and the students are asked 
to apply the hypothesis and conclusion to the lettered figure shown 
on the screen and then find * way to pro\'e the i.heorem. In some 
cases, various members of the class will (ind seve/al different rneth- ^ 
ods of proof for one figure. On other cards th j apj)lied hypot:hesis 
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Figure 1 
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Given. c:iABCP, bf:-^DF: 



Hrove ALCr /i a cz/. 
If ACCr a a amj 3L-DF nABCDQ£3 




Gn-cn :..//\iCD, AM, BH, CF .4n<j 




^u'^po:»B C/.O S V ore /n,(Jpo,nf5 of 
Finnic fj 




, Lii\/en. CJ AbCD, \ f 0, // A/f 
nmJpoint^ c/ A3. liC 'CO %DA n :,p 
/^/vve: AKCL tb a r? 

Figure 3 

J^t"//. /\AdC\ nh-i/f.^n-^ AP. %Cf 
. A, 




/-'rove nC'-'A a 
Figuit; 5 

(jiVC/? Quud AbCD, / , / C t!niiJfjOini5 




Figure 8 




Figure 9 
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Figure 10 




and conclusion arc given; on still others oniy the hypothesis is 
given, and the class is asked to discover, what conclusions, if any, 
can be drawn and proved. On some cards the figure is given, to- 
gether with several different hypotheses and conclusions (Fig. 1) 
which may or may not be provable with the information that the 
class possesses at that point in iis study of geometry. 

Many .Igures may be used to give the class experience in the 
use of a theorem or a group of theorems. For instance, I have 
over forty cards with figures requiring the proof that a certain 
quadrilateral is a parallelogram, a rectangle, a rhombus, or a 
square. Some of these are shown in Figures 2 to 10. Others use 
the properties of these figures to prove lines equal or unequal 
(Fig. 11). 

The simpler ideas of solid geometry can be easily introduced at 
appropriate times (Fi^^s. 12 and l.S). 

Figure 14 shows ho\v several muncrical exanqiles can be made 
from the same figure. In triangle Al\Cy CI) bisects angle C. The 







Figure 12 



Motion Picture, 



card is cut along the lines XY and holes are cut through it where 
the sfjuares are shown. On another card shown in tlie lower figure, 
nuinhcis arc placed so that some show through the holes when 



J 




J 



l.mri .li \ ) .lit* sills ilnoMiili wliith Unvcr (.tiil is siipjn'd. 7' is ;i j;umniL'(i linen t.tl) 

h> pull uiid It) ilu- iflt. 
• Hum .nr (he niiinlifis showiii-; ihnni-^h llu- lit^k'^ ii) ili;.* u|hk-i (.lui. 

ll-Uil' I 1 

this I aid is slippi-d hchind the upper card and through the slits 
\}'. \\'lu-n the numhiis for the t\vo hlank sciu.U'cs are found, the 
J()W( r caid is pulled slightly to the li^lit so that a new set of niun- 
hci.s appe.iis at some of \\\v. hnUs; the values arc computed for 
thost* blanks, .mil ihr jjioirss is u pciicd fur another piohlein. 

Simii,.ir caids lan hi* consiiucied lor various figures showing 
the ulaii{)n>>liip ul angU-s and aii.s in circles; prodticts of lines 
rnun a pf)iin and inuM.srt ting a (inie; the right triangle whh 
altitude chavMi to thr h\]M)iehuse. and the relati(niship of the, 
sfVeti line si^tiirnis ill it; liguiis Inr areas of plane ligurcs, and 
iiianv fithiis. i Iw nninlx i.s irnoKrd should he relatively small 
l)Ut liie I'Mihs n( (d hi- \vhi)K* numhtis. l\\ampk*s recpiiring 
the um' 1)1 :aui' nunihris and i\ten(lrd compuiai ion should be 
gis t'nonh loi i )Ui of t lass woi k. 

WhfU (he saim (lirun lu. siu li as the P\tha'4ouan 'riifoiem, (an 
\)c p)ij\i (l t)\ usin^ in\ «>! a n'mil\*f of figurt'S» manv can be in- 
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Figuie 16 




Figure 17 



Figure 18 



vc\sii^atc(l by a cla.ss if the figures arc on cards which have only 
to \k' [)]a<.od ill the projector. I have aboni twenty different fii^ 
ures rroin which this theorem can he proved, but I do not use all 
^Qf tliein every year. The number used depends on the irterest the 
class sliows in invest igaiinj^ the various proofs. See iMgnres 15 to 
17. 

When time pcrniiis, one can ^^o a little beyond the usual theo- 
rem'^ found in ilie textbook and bring to tlie attention of the class 
the Nine Tnint (:ir(i(\ the Tlieoiem of Pa[)pus, C^eva's Theorem, 
Menelaus's 'I hent<Mn, and otheis. See l''iu,uies IH to 22. 
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Constru(.*{iv>iu.;uV >(iulii'd by placing a large nuinlHn' of figures 
before iho class with all ctnistnu tion Hues shown (Fig, 23) and 
having the class discuss the plan lur ilic consiruction by a study 
of the figure. In some cases th(? same figure is shown constructed 
by various niethods on difVcreTU cards,. Algebra and geomeiiy are 
related by such figures as 24-27. 
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Figure 25 M'n-.c-jn 



Skill 111 ilif list' ol the tools ul" ccjiiMuuiion c.umot lie gained in 
ihi> was, but the ideas here gained can be .ii)plie(l to other con- 
Nliiutions which th.e students shoukl be re(juired to do (nit of 
t Ll^s. 1 ho.se v\h() h.i\e skill in construction or who have original 
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ulcas t ill oiir.ii>L'(i lo iihikr cioi^rns on cards suital)lc for pro- 
jection. SiMiu* pupil iiKulc lU'sl^ns arc slio vn in Figures 28 to 32. 
Snuic pupils <i)l()r iluMi (U'sij^iis aiul sonu' inal^c tile or linoleum 
patieins. . 




1 !-iHf L'>< i'i:^mr 1^*1 



I he lii'^hnA f»r tn.iilu'ni;uii s is l/ioiiulu lo the iilteiuioli of the 
« l.iNsis |j\ nif.ms ul |jiituu's y>. ;4»*eat /natheniaiieiaiis iiioniit^d on 
(.lids, I hinrdmail 4(!ihe-» nl ihrii li\ts and ( (Uiti ibutioiis^are 
\\iiiuii up in a ^«jn\rnieiti iititrlxjok, 1 htNf biographies are ahso 
.is spi'i i.d lf)])it s and add h> the ( idtuial \ahie nf the subject. 
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1 ;■.(• s.i\( i\ in ( b\ (he pM)ji ( tt»i nu'thMil ni.ibli-; Us tn 

. , , \ I 1 in. '] I u . .] Iv dim iih >^t ( l.iNsrs (i. ». W'e 1 1 \ U'W die i!i\pMi unt 
It .IN , ij . I( :n:iiMi \ al'Ja'bia. iud K 1 1 n In j\\ im um' ( iu sn)e. i omik*. 
.111,1 I m n; icl.iiU'Us in nmUiii^ ii^lu jnd '.stis^clcs injuries .md 
:tj^n!.ii {-kU.-.hs a]k\ luut pi K f l.^^.nnhnis in ni.ilni.^' iMinpn 
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Sdhu* ilu'ovt iii.s. Iiowcw r, arc not suitable T thi?; proji^ction 
nuilioil 1)1 pio:>cnialii)ii. Wlicn coiisitlciahlc nianipub.Uon of 
(H|uaii()M.s is iu'( c'SNai \". soiuciiiiu'S Svl uj) the reijuivcd e(|ua- 
lioiis Dii ilic- hLukhoaui ami ilun enmpK'ic ihe without 
luiihcT usf 1)1 ihc h'^uie oit (he Mieni. U ihe i)iooi is lonj^, some 
siiuUnis h)sc' ihrii way aiitl (Hiasionally we have lo ieiraee our 
steps. HowcAci. since ihe loom is pauially chukenetl, tliei'e is not 




Miih li !■> (liviiaii ihtii aileiiiitiii Mu\ l:ie\ -.^ladualU U'am to lol 
l.iw i|iii!c h>ii^ .Hid piDwls. ll a sHuKul Inids he (annol 

i!ie pi«)i)K .Mul is iiiiahte lu exuiul his alleiuioii span sul- 
luiuiiU. he IS alh)\seil ii> iiaiiNlei lioiii these t lasses to a regular 
I I ivs \\heie tlie \m u k is tlniu in ilie liaditioiial \\a\. 

1 .KM se.il ! have made .i new laids. Now I ha\e accinnu- 
i.ili'd, ovei a thnusjiid. I du iiMi ii>.e alhtif them e\eiy yeai . i)Ut I 
ha\e a taivKMsith- (h«Mie nl uii-^iiiaU td ])Lm e heloie the class. 
S.)ine «>i llietai<U ha\e M.n k lines on while -.nds; niheis ha\e 
\\iiiii' liiirs on Ma( k (auU. Ihe loiinei .iie e.isier to niak-.*, hnl 
l.tMi-i leseniMe di<* (i-ntes diawn on the Ma(kl)o.ti(l. 

1 !i.n (he plan \\oiks is shown bv die sioiis on sta)ularcli/ecl 
ii>:s loi siuthnis who .n e \\\ the s.nne abdns le\els in t -e and 
ni ( !i -Ji 1 t 1 iN'-c >. \ \\n 1 1 -.J n IS o| dn ee si ndeii i s eai h \n ere sei t to 
dne liinph- I'nutisiiv Maihemiliis '1 om iMmmt uueiulv <ui<l 
i( nils tii>m iliise ( lasM > pkni-d (n>t .in<l leinh anKUii; the more 
\\\ \\\ se\eiu\ iiams i < -n i j m i i in tins i.un nanieiit . 



'Vm\ MAR1N(; AM) rsK ()!/ .SLIDKS FOR I'llK 
'1TAC'111N(. OF MA'niKMAl IC S 

Kale Bell 

SoMi: nx.iA^ in the \ isiiali/ation of any pioMcni is necessary il the - 
avcia*;c stiuit-nt is Lo^nndcvstand the subject i)resentecl. Teachers 
of niathematiis ha\e cilwass used aids to \ isnah/e ahstiaet lehMion- 
ships, but they have not i)aid sunicicnt attention to picturing the 
apphcaiions ot* matheniatics in hie situations and thus furnishing 
the Hnk between absuaet |)rinei[)les and their func tion in the en- 
vironment of the student. A small percentage of brilliant students 
in mathematics classes really 'Mijoy theory unadorned; but the 
niajority. who are lo be the woikcis of the woild, a.sk with ni- 
sistencc, 'AVhat use is iir" '1 liey Iiave to be an.'^wered. if ptd)lic 
education is to reac h its goals. Ks en the slowest students experi- 
ence some f^hnnner of luiderstaiiding' wl^c't) they sec pi( lured the 
ways in which foicsters avialois, sailoH. weailur luiieau ob- 
servers. sui\evors, and anis.uis use piiuMpUs le.uned In mathe- 
matics. ! 

.\h)tion piduics and slides aie ideal mecHa fur illustra|iing in a 
vivid nncU'rstandable way the practical aj)plicaiions of mathe- 
matics, .\h)tion piuuus have their nussion in picturing any sit- 
uation which involves the element of continuous change. For 
example, locus situations in geometry furnish a licli field. In these • 
cases nofhing can demonstrate the idea as vividlyas a picture in 
which the points move. Many students wlu> have failed to get the 
slightest comc'piion of locus, because they h.ive ucu^j^nough ah^ 
stract imagination to see the points move on theiy/f^^ninHNjcd jour- 
neys, or because teachers lia\e failed to call to tlivj^.4Mtt>iition the 
midiitudinous and intensely interesting practical ai)[)i,ications of 
the prinri;)les set forth in lociis problems, have enthusiastically 
understood after seeing a good expository motion picttne. 

On the othcM hand, when (ontinuous mot ion is not an essential 
factor. m.Mcri.il prf)\idcd in the schoohoom itself, in the connnu- 
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niiy, aiVd in ihc iinincuiait' icj^ioii will I'linction better than any* 
ihiug- else can in helj)inj> |)iii)ils to realize the conneetion between 
abstraa piimiples and the woiUl aiound ihetn. Visual aids of the 
Niill variiiy--niodels. pictures, pupil-drawn diagran^s, and' slides 
■ \ux\x' an iinporiaiu plate in the t^li'ectixe teaehiui;' of uiathc- 
niaiies. 

Sets of slides may he deN'eloped as a coo[)erativc project in 
uicUlu'inaiics c lasses. Tlii vty-li\c niilliuieter s!jdes are desirable be- 
cause the exjuMise is siuall. StudciUs ol'ien have camcias suitable 
lot tins \,(>i k, oi the Si hool luav ha\ e one as t of its ecjuipuient. 
I he ihea[>er cameras i)r{)duce some excellent resiUts vvhcn pic- 
tures can be taken at the j)i()[)er vantrfs, but for cloie-up C0])y 
work more expensive e([iiipnuMU is necessary. 

It is desirable to have a projector of suilicient strength to j^er- 
init showing pietui cs in a room only partially darkened, 'lliis can 
he done with a UOOwatt piojcctor if the screen is set wiih^iis 
back to the source of the stron.i^cst li^;ht, A projector designed for 
lariTfr slides (^ii used bv building a .slicU- IioUUt masked in sue h 
a wav as to throw tlu* S") nmi. slid*' in pioj)iM ])o.sition For projec- 
tion, j 

'lUv two (juesiions whith ahviivs aiise are*. "How is it dotie?" 
and "What iloc.s it losi?" 1 he fi'ist tan be answered Ctisily. The 
NCiond (iepriids the wai . and j)ii(es ha\e in( leased. Slidcvs 
niav be in.jde in black and white or in color. The fiist step in 
111 ikinn a sliiic in hiac k and whitt- is tc) take a [)it ture on a l\j mm. 
nt Liative. I'roin this nci^.uive a p(^si(ivc lllm t.in be made by exactlv 
(!ie .s.inir j)H)(('ss .i.s tli.U used in (hi* cont.it t piiiuiiv^. of piituies. 
I his posi(i\t' i^ put in a mat .ind bound bciwccn two thin pieces 
m| j^l.i^s. An\ iiorubcr ol copies (an be m.idc Immii (he one ntga- 
ti\c. Abs»Ouh' ( Icanliiuss in dr\ i !o])io'4- and piiniiriL; is essential: 
.1 ilntv or stianlud ih^.nive is f.u.tl. beiause i.u h >lidt' is ma<^ 
iiilicil in a i.iilo ol ;o h-.tst ^K)t> to 1. the most innocent })icce of 
!ini on the film oi l;1.i.ss hx^ks like pipe uhen the pictuie is pio- 
jet ud. II fihiis lie Id be eoinuien i.illv di-\( loped, thev should be 
Mken lo ^oine one who '411.11 .iiifees (lean dim e\ en thoirjji ihe 
I h.ii^e is moie. I se a camel's hair biush to ( le.ui the lihn be- 
hue pi im i n'4 pf )sit l \ ( s and to c le an the posit ivt-s in foi e nu)init in^^ 
in ',da^^. We >M|t liiKti and i n omu teti at hloiiiie to cle.m lilm. 
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Windcx or-^a simihii solution may be used to clean the glass on 
which the film is to be mounted. 

Negatives should be kept in ghizcd paper envelopes and. if 
positives arc not iftnnodiaiely bound in slides, they too should be 
stored in these envelopes. Positive ii'lni is very sensitive and more 
than usual care is necessary when printing it. Red light must not 
he used. Exposure to print a positiye must be very brief, much 
shorter thau that needed to piint pictures, and contact between 
the positive and negative with enuilsion surfaces together must be 
perfect. Panatoniic-\ is a good tilm for black and white work. 
Many recommend a high contract hhn for copy \s-urk. If a print- 
ing box is used, the light must be weak. Cheap printing frames 
are entirely adecjuaie. 'I'lie binding of slides can be done* by 
hand, but a binding machine is a great help. One could cut majs 
for the slides, but it would be tedious. Because the mats and glass 
can be rcmsed when the slides are discarded the expense is slight 
after the original supply is {;)rocured 

Making cohjr slides is a. inych simpler matter. Kodachromc-A 
can be used^for indoor photo flood pictures and with ihe { roper 
filter will also do for outdoor pictures, making it possible to shift 
from one ty|)e of work to the oilier on the same roll of tilm. One 
can often take nineteen or t\s-enty e\j)osures on a roll instead of 
the guaranteed eighteen, lliese are put in "Ready Mounts'* at 
the processing station. This work is pai t of the original price of 
the film. Color slides can })e used in this foiin, but it is better 
protec tion to take off the' "Ready Mounts" and use glass. 

C()j)y work can be done in bcuh color and black and white. 
Pic tines luav beec)])ied from diagrams, photographs, pictures from 
inau:a/ines, and even tiom ne\s\spapers. '1 he last aie not as good, 
of course, because of the im{)erfcctions in the .newspaper. For such 
work, auxiliary lenses mu.st l)e us^i^an^ careful measuremeius 
made-. Kxcelient tables for measurements and settings are fur- 
nished with the leirses. A gocul tpiality of camera nuist be used 
and great c are nmst be exerc iscnl in following direc:tions for set: 
tin^s and distance. 

lor close up woxk. a (opun'^ stand .^liould be ananged'and 
[Mopeilv niaiked Ini di^iauces and iielcN. a L;i<anul glaN.^ beiiig 
used in the fihn ti.i^k to .sec uie fo( us. When snc h a stand is nnce 
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calibrated, copy work will go rapidly and be correct all the time. ^ 
A hoiucmade ct)p\ini>' stand is adecjiiatc. The Kastman Kodak 
(ioiiipany publishes two hel[)fiil booklets, "('opyiioi^" and "Slides 
"Md 'rraiispareiu ies," which caii be seciireci lor each. If some 
T make of camera is iisech itji iiianiifactiirers will furiiish you 
lioiKil intormation if you reciuest. it. 
Here are some subjects which have been made into a series of 
slides: 

(a) The work .of the United State:* Weather Tim'eau, with em- 
phasis on the uses .of measurement and of 'right friangle 
trigonometry. 

(b) I'lie work of the United States Forest Service in locating 
forest fhes and in fighting them. 

(c) Geometric design as shown in various forms of art: Indian 
'•basketiy and beadwork, textile work, ornamental windows, 

etc. 

(d) (ieomctric forms illustrated by structures of local interest 
and importance: bridges, buildings, dams, etc. 

(v) The .history of the devf^lo{)ment of the airplane, to be used . 
in the new j)rc-flight aeronautics courses. (Copy work in 
color.) 

(f) The history of mathematics, coyipiled by copying pictures 
or havnig oi ij^inal drawings made by students. 

(g) Nfethods of triaiiG;uhuir)n and the markers used in survey- 
ini;, (C'^^pies of U. S. Coast and Ceodetic Survey pictures 

^ and of student diagrams.) 
fh) Ap})licati()n ol geometry to problems arising in the con- 
struction of thti^Coulee Dam. \ 
One great advantage in the use of slides is the amount of stu- 
dent'[):iriici[)ation possible. -Students can help make the slides, 
arrange them, lun the projector, and assist in giving the explana- 
rlons. and those who are {)roficient in mechanical drawing and 
k'trering can prepare plates showing diagrams, formulas, and rec- 
ords, of which photogra{)hic copies can be m\ade in 35 mm. size. 
Sh'dcs can he [)rt'parcd fiom these and interspersed in the proper « 
places in a series of pictures to make clear the applications of 
maihcmaiiii) used. Manv students know far more ^ihout the actual 
photogiaphic work than does the teacher, and have access to su- 
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pcrior cquipinciu. They can help phni scries of slides and do 
the photographic work. 

Any teacher can build a reserve of slide material. Students will 
contribute a great deal, but ihc teacher should participate; just 
secure the niininuun equipment, read the manuals, question 
friendly "i-'iotograjihy fiends," and experiment. To make early 
trials'niore profuable, a record of the range, focus, and exj^osure 
for each tilm sh(;nld be kept so that the work can be criticized 
and improved.' Noihing surpasses experience guided by. reading 
and advice ftom those wiser in the art than the experimenter; 
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INEXPENSIVE HOMEMADE SLIDES 
I OR DAYLIGHT PROJECTION 

/ Frieda S. Harrell 

"Skkinc;" Pkrci:nta(;e Problems 
« 

Ik a cow is reduced from $48 to $32» what is the rate of discount? 
rime alter time the pupil's answer, 65 2/3%» had to be marked 
wroii^'. Why couUhi't pupils be made to "see" a percentage prob- 
lem? In desperation the problem was ''drawn'' on the board as 
follows: 



(1) 



100% 
$46 

Original 
(First) 

Pr.ce 

B 



Net 
(Second) 
Price 



Discount 



H22 



R 



P 



(2) 



-11^-1 

|4S 3 

-33'/37o 



(3) 

(4) 
(5) 



$16 



At iiust this visualization was used only for tricky problems, but 
later ir became more and more useful for the initiation of the 
percemai^e concept. Kventually simple slides were tried. An India 
ink re(iani;le was [)i()jected directly on lo the hoard. Sections of it 
wi-re (ut off in chalk to illustrate per cents. A fourth of it was 
; thi ee fifilis of it was 60%. A rectangle divided into ten equal 
se( lions was foimd to save time. Later an eight-section diagram 
w.is used to teach {)er cents e(}ual to fourths and eighths. A six- 
sec tion figure was used to show per cents equal to thirds and 
sixths. Pupils had then learned the e([ual parts of 100. They vied 
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.For 
Per Cents 
Equal 

i TO 

r Fourths 
ar^d 



I- 



r- Eighths 



For 
Per Cents 
Equal 

to 
Thirds 
anci 
Sixths 



For 
Per Cents 
without 
Simple 
Frgctional 
'Equivolents 

and 
"Fifthsilenths 



witli one another in ^'drawing" the per cents we talked about on 
the three basic slides shown in Fiuure 2. 



% Slidks Are Easy to Make 

A slide-making prop;rani can be s;arted wi^h a small package of 
cellophane. Cut the cellophane into 3i/i" x 4" slide mats on which 
to draw the diagrains with India ink.^ Civaph paper, used as guide 
lines under the cellophane mat, facilitates drawing and also print- 
ing in straight lines. Next, cut some frames with half-inch borders 
to fit the mats. Laundry cardboards are good for this purpose; 
oaktag is too thin. Cilue the mat between two frames, press ihe 
slide under a heavy weight until the glue sets, and try it out. It 
e projected in daylight diiectly on lo the board. If the slide 
proves useful, it can be strengthened with a binding of one-inch 
glued brown paper available at hve^and-ten-cent stores. Figure 3 
illustrates simple but comj)lcte labeling for raj)id selection. The 
operator's thumbniark ai the left-hand side can be easily made 
with a worn-down peticil ciaser ami a siamp pad. 

If a slide proves to be of permanent value, it can be enclosed 
between two co\cv gl.isses and bound." Hiis binding is narrow 
and allows extra spate for tontcni. A slide holder witli an espe- 




* Rr.uh cm cciKipli.iiu* sclU f«>r Jl.T") .\ lumtlttii. uith s[>rti.il c.iiIm.h fen tvprd 
sli(!rs. 

^ Biiitiitiu ft)r 50 sliilcs t<»Ms ir>tciu>. ^l.i>st's (t.s( .ilnnit two crnlsc.i(li. J. C 

RfiNS. i") Uill Sr . Nc vN.jik, N I-. "1 he Kfv>ti.iir \ ( (. . Mr.i<!\i!!r, Pa . -awA similar 
films t.in\ cDiiiplt tc .issoi (iiH'iils (if sllil'.- iiLikiiii; ni.iu'i ;.j!s 
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tially large a[)ciLurt: is gootl. Ktchtd glass can be used for pencil 
dia\\'inos. but it is expensive and uusucce.ssrul for daylight pro- 
jcetion. All glass slides rccjuire sc])aiatcly a[)plied lai)els. 
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If suulc ius aie making slides and the tost of euver glass is an 
important consideration, a do/en glasses can be hinged together in 
pairs ^^•ith l)indiiig along one side (July. I wo or three operators, 
uoiking together, can slip the mats bet\veen tlie pairs of cover 
glass. ])roject the slides, and take the mats from between the 
glasses before they are needed again. The mats to be projected 
foi each leport can be numbered in the order of j)n)jection and 
submitted to the operatcns. ^1 heuperalors can be placed one on 
(M h .side of the pu>ject(n* a^d:iuuM;/ two behind it. The projector 
( aji be fo( used b(»f()re,yfTre spctikers begin. 1 he })r()jcction lamp 
(an then be extingui.sSilL'd at the cord switch and the first six mats 
I an be placed betwet n the pairs of cover glass. Two slides can 
be placed iii ilie [projector before the first sjKMker begins and the 
tliiid operator can pass the succeeding oties in numerical order to 
\Ur two side openitors. 'I he reporter, when^he is ready, can say, 
' Next shde. j)h\ise." To signal a [»ause in projection, he can say, 
"Thank \c)u." and the projet tion lamp (an bo swin hed off until_^ 
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the next sliUe is called for. If projection is to be v^^ry rapid, the 
fourth operator can remove pi ejected mats so that .he same few 
pairs of cover glass can be used again. Students quickly learn this 
operating procedure.. 

For beginners or for young pupils, slides with cardboard frames 
may give less trouble. I'or ihem, it is wise to cut the cellophane 
mats larger than Si/;" x -1". Pupils can then fasten these- larger 
pieces to book, pages. draAviugs, majjs, and so ou, with small 
paper clips. If they iai: to center the drawing exactly on the cello- 
phane, the slide can be ( entered when it is framed. The edges can 
be cut ofi" after the glue sets and before the slide is bound. For 
temjjorary purposes bindfng is uh'W cssary, 

A newer slide niaietial is luuiaiith, clear or t>anshucut. The 
diagram is drawn ou this celluloid-like base, which can be used 
widiout cover. For petmancut protec t ion, the slide can be cov- 
ered with another })icce of clear lumaiilh and. bound with U," 
Scotch tape. Ueing thin, these slides are easy to operate rpiickly. 
They are nnbreakable and scratches which develop with use do 
not show durir.g projection. 

More elaborate colored pictures can be made on translucent 
lumarith or on etched i;lass it) be shown in a dark room, but 
the advantages of daylii;lu piojcciion cantiot be overestimated. 
Colored India inks or slide inks can be used for small surfaces on 
cellophane or for larger surfaces on -clear lumarith. These will 
show in davlight, even on the board. All colors used uuist be trans- 
parent. Slides made from cut-paper silhouettes are very eflectivc, 
especiallv for audiKMium pro-^raurs. I'.nclose them between luuia- 
rilh covers w.islied uiih (ol.ucd slide inks. Sixei.il ihirkucsses o! 
colored cellopliane (.ui .ilso be UM'd. 

Whi n a Si iiu is \'.\\ r.MU r. 

Sbdes aie .supi i ior to niiiiicn.^i.tplu'd m.Uerial hec.mse the 
students' .ttieiuion can be ( om cutiated on one p.uii( ular problem 
or {).n-au,iaph ai .1 tinn'. Winn one small arr.i in ihe room is 
l)ri'4htlv liuhted, alleiuion ( in be fo( used there. Slides prevent 
the lapse in ( l.iss ^nuaniiiii wliu h nsiialK o( i uis uhiK' the tea( hei 
tuins to chaw a diiiii nil 01 a( < ni.ite dia^iani on the bo.nd. Com- 
plicated demotistt.itioii (li.rj,t.ims ( ,ni be diawn to scale, and iheii 
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traced on slides. Constructions can be completed in chalk after the 
dia;4rani is projected on to the board. lioard space can. be saved 
where many chisses or many subjects nmst be taught in the same 
room. Ahnost a?iy teaching material worth preserving for succes- 
sive sections of students or for successive years of teaching justifies 
the work of putting it on slides. 

Content Matkrial for Students' Sudes 

Presentation of informational material by students can be 
motivated if slides are used. The reporter can print or type his 
outline on a slide. Unusual or new words can be listed on another 
slide. l5oth slides can be left in the slide, holder and shown several 
times during the report. The visual stjimulus then supplements 
the auditory one without the need of th : reporter's writuig.on the 
board. Simple illustrations, graphs, mapsl or cartoons can be drawn 
or traced on cellophane. lYacing papet\^ can be used first when 
material is being copied from valuable books. For this work 
teacher and studeiHs can coUcct and preserve slide-size material 
fiom ■maga/iues and newspapers. Students will make the.se simple 
black and white diagrams by the dozen; the difficult t^i^Ms to 
eTKoui age them to make fewer but better ones. Small irregularities 
< an he erased with dampened cotton twisted over a stick pointed 
in the i)encil sliarpener. However, even a rough illustration fre- 
(|uently (hi\es home a point. A student who has little artistic abil- 
ity need not he held to a standard tcxi hi^h for him. Auditorium 
slides, since magnification is high, must be carefully made. These 
slides rarelv fail to supply the inartieulate student with plenty to 
s.iv. HistnruMl topics take on new interest if the reporter uses 
handmade slides. He can make simple pictures of Greek, Hindu, 
ni Chinese nuuicrals. He can show clocks for a vcp^M t on the history 
of time. He (au explain Roman addition, adding chalked an- 
s\s('i s to pr()j( ( ted examples. A blank form, projected, can quickly 
he iiansininu'd iruo a magic square or circle if the iavestigator 
adds chalked numbers. .\nv slide whi( h can be completed quickly 
in eh. ilk is poj)ular*wiih the audietice. Mathematical riddles mean 
mMU' if ilu' audience can study them from%a slide. Madiematical 
ni(ks and puzzles can ofic-n f)e e\j)lainod more easily from slides 
'than b\ other means. 
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SiJDKs lOR Drim. Work 

Slides are particularly useful fur drill work, for summaries, or 
for short, rapid r^'views oi facts. For example, lines, angles, tri- 
'^ngles. flat figures, and parts of circles can be quickly illustrated, 
each on a separate slide and each in several positions. The students 
can number their papers, and as each slide is 'projected and its 
number called, they can name the figure beside its number on 
tlieir papers. Hie slides can then be reprojected in the original 
order as the siudcnis correct and discuss their errors in recognition 
.md'spelling. 

•Slides (an supplant sudi iradilional mimconraphedaesliug ma- 
tciia^ as inic-false or compleiion (*\crcises. 

PROjKcrr.n Graph '^Paper" 

Projected g^apli "paper" has several advantages over the familiar 
^scjiKUis paMiLcd on one section of the blackboard. Board space is 
released Im (Jther work when giaphs are not in use. Several types 
.md si.'es of scpiare can be employed in the same lesson. Widely 
(lilfcring \alues of a variable can be shown in the same amount of 
space. Ijii^ht vellow chalk on [)i()jecte{i black scpiares is mou* 
UMclilv \isil)le than any other color of chalk on })ainted s([uares. 
I hc slides i.iu he made o\er .^lapli papei by lumd. With a tine 
pen. tlie Imii/ontal lii, s cin be diawn on one side of the cello- 
phane auii ilie vertical lines on the othci. This method allows 
sin.dl eij^mis. (airline; of ihe (cllophane dot^s ncK affect the pro- 

Si WIS I OR Arm rouu'M Proi;rams 

Sli.hs.iie u^e!u! toi aiuliioiium piomams. The armonncer can 
U!\e pi e. e to a series n\ t\pefl slides. Speakeis' names a^'e more 
;nie!!i li i sliih s. a si'p.ir.iie temporary slide for each. 

r;msn. li vs.-iiN. r.u M :>ii i ii'injjinaiv .slide, can be projected for a 
few sec oimN as ::uv nr used \)\ speakeis. Maps can be projected 
as i>l i< e nail it s ait iiu nM( iiu i k Ihe hat k \\all of the stai^e can be 
^^^ d ;! m • i ( ti ^ 1:1 • Mi- \sa\ ui jm i t . m iiiei s. A small scieen caTi 

:■: sf I ; n .i :;;d vImIcs ( til I- plojtiteil 1 1 (^UU^LiX)AlXCiniMlt*^ 

: >• ■■ : • : j • i . i : a ; : . ' n !i; a 
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W hew a unit must be taught year after year, time can be saved 
by developing it completely on perhianent slides. It can be kept 
up'io-clate by the addition of a few slides each year. The topic 
on percentage, mentioned at the beginning of this articlci was so 
treated. 

After pra( lice on the thr-ee basic slides.Ht seemed advisable to 
use the diagiam for almost all problems. ItVas particularly use- 
fu] to .show distinctions like 2r)% oj a number, 25% more tl'in a 
number, and less than a mmiber. Later, demonstration prob- 
lems were t\ ped or j;rinted in India ink on ilie same slide as the 
appropriaieh se( tioned diagram, ns s!io\vn in Figiue 4, 



-Mr 



u 

o 



\\ ycvr class won 30 games 
.^uf of 36, whot" per cent 
•f ^ho gamo3 picyed did 



!0; 



( j.MiDU; ui ()| ;!icst ;)ii)blfiiis on \Uc boaid icsolvcd them into 
iwr ■ 1 liiiilxin-^" ^u■ps" 'UnmbfUtl in I'i'^ure Inter- and intra- 
. Liss ( Diiit sis \\c'U 1)1 j.ani/t'd, ciu h Niudrni i alhng on ant)th(.*r from 
;!){ opp>»Mii.: !i .tin. .ui(i iM( ii t oinpleini-j. «)m* (^1 t^ie thinking steps 
iin .1 ! mi 11 1. Mill h iiiou- t finct ii ii.it rd .iiitniinn t an be secured if 

I 'M ! V « in ; : >M( l :! i s \ !M b' . .\\ j t i iilc, 

1 \ i > i.is^ 1 11 led luiM ( t ioiii il rc 1 1 nub s on I licir own j)apers 
I 1. 1 • : i r : ■ ;M':t 1 1 ! n i )! i|< M I s 1 1 oin t !ir 11 c \( u isfs. 1 ou-hl\ c -.^i iniat ) ng 
•.-.fu''- : \^'llll(l l.tli. joi instaiKc. ihrv would lo- 

iu ' /"» posiiioiis wiiii ti'nv iiKuks. '1 hen a !o 

A ■/ * ■ \ lo tin ' iiiaik. whik' a i'b' [ Hue 

• ■ 'd ' ' ' ' j . ■• ! ' M 1 ii( [ iiM 1 k , 

V\ ."; ;» • i .s, 1 H 1 « i ll! li'.c \\as M!i.;hl. iht wholr cjiagiain 
:. . ■ . i \ ■ •!! i'^ I'Hy " Imi .iNo \«. 1 1 h ihr qiiaui iiv (hat rcpre- 
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scntc'd U)()'\'., x\\c ha.H', \\\ I'l^^inc Studcnii wcic iiuw iraiucd 
tu locate a line rrpi CM'iiliiiu;' /^'Slli t)Ui ul* SI"), 10 jranics oCu of 
IT) L^anu's, l(i point.^i out t)t 'JU puiui^. Many simple ieconcl-case 
piDhlcius could be answered imiiietli.iuly [wnn ihe diagram. 
Sample diagrams and soluiiuns UjIIcju*: 



[i>lm ^laiuil Iun flock of pii^cnus with l(') t)irdv Now \\v h:is 
!'»li.V * iHouv \\\\\\\\ j)ii;t ons Ikis he iit»w'r (Si r 1' iuj. Ti.) 



100 :o|[ Oii;^lr-.al 
16 p'Cjeor.s I j Ainuunt 



j 
I 



c6 pigeons 



IriUN dii M»u ha\f ML;ln> '^cc I'il. i 

M.mv ui!u-r slides (an \)c nsed to a\"oid inonotonv. A rceranj^le 
( (jni.nnin^ i\^ c l\ r scj ir;i t s ( an u pi esen t a dr )/rn oi.i nu.es. A sixteen- 
scpi.nc dt.r^i.nn tan upie.Miu a pi^'»»!d. .V ( in le diudcd into sec- 
can upu-scMit a .li'^cMlaie (akc-. A hnndi ed-sL-t i i(»n s^piare is 
usefii!. A pai.ilK li)_^rani Iaw be di\itU d inn^ :)()'\'. sc-Mions in four 
diKrrcnt \^.ns. 

ThcM- n-i ! iii.'.ida] -^laplis lan bt- ostd tu vi^iiaH/e prrfenrni^e 
\\iihfHH sHih ^. 1 1' »\'. 1 \ . ^b<!tN \a\c' t la^^ lime in siu h .ni cxinu 
ih.n [Iir Ua(!iri -xliii indtN u\ i'. aiiij'lv c ■ Mnprn^aU'd ini tin* 
uoik in\ol\('fl. 
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100% 
20 problema 

B 



Richi 



W rono 



19 problems 



~,I2 

20)19.00 
180 
100 
100 

= 95% 



I*ric:k List i-or Slidk Making MAiTkiAi.s 



('.over gI;iN.s 
Ktclu'd 



. . 5 .25 per doz. 
— $125 per doz. ^ 



Binding 

Glued hl;)ck p.ipcr for :){) slitlcs $ .15 per package 

I V' Scotch tape for 8(5 slidts $ .fij per roll 

C.t'llophane sli('c mats 

Plain read) cut (el!(»pIi.iMC with taibcjii $1.75 per 100 

**R;i(li(j" nuts (r('I!<j[)hant' mat fulilcd insiilc cai}>«in arid 

m.iskal) $l.r)0 ft)r 50 



iaimiiiith sliile ni:irs. ctihfd and masked .. 
Siirris t,f luiu.niili 



per 100 



I uhr.! 



$ s'. each 
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i2W 
$2,50 



each 
each 



25" X 40" 

Clear only; ,010" thickness. 

Orders of 200 sheets or more arc accepted by the Cel- 
luloid Coiponaion. 290 Ferry St.. Newark, N, J„ at $.442 
per sheet. (Add 25% to this price for smaller quantities. 
Orders ainDunting to less than $10 not accepted.) 

Separate slidt-. masks $1.00 per 100 

Slide cia\ous .i $ ,1)0 for 7 colon 

Slide inks , . $2.25 for 7 colors 

Slide ink soheni $ .30 per can 

Ordinary colored willing ii^ks oi India inks may also be used if they are transparent. 
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A LANI'ERN-SLIDE PROJECTOR AS 
A CONSTRUCTION PROJECT 

Gordon MacLeod Taylor 

The averagk classroom teacher has no time to go to distant parts 
o£ the school building to obtain equipment. For that reason, un- 
less a slide profcctor ir^^rovided for each classroom, ready for use 
whenever it is needed /s is the pencil sharpener, the chances are 
that very little use>rill be made of slides as a teaching aid. 




I imm- 1 I 111' I'n)jr( hn 



(jl)\i()u^ly \\\c ci)s[ of the laiucnis piTcludcs the possibility of 
obiainin;.; a lai;^c iiunihcr ol niachiiu':^. If. on the other hand, a 
rc.i>()n;il)h saiist.utoiy (lf\itf could \)c produced at a nominal 
(os[. iluic UMulil l)c littlv need ioi any leather to he deprived of 
sU( h a lool. 

In iiKci ihuM- u quireiiicpcs, this aili(k- drscribcs a projector 
^scr l i-uie h uhuh (an UM.liU be buih \)\ a junioi or senior 
m1i')m1 siiidcnt. ihc uiaieiials lecpiiied ha\e been (onfmcd 
to Oinse le.iclilv ( )bt.i i nabi" in au^ cniuinnintv. whih^ the design 
his !)ein siniplilicd in ouicr to a\oiil (onipHcated measurements 
.ind ili( Use oi .niv t \( epi ihe nio>t coMuit'^M^. tools. As an educa- 
ti(.;i.H the (( s t H i( t i nu ot sut h a (Icvicc would 
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easily jui^iil's ihc r\iJfiitlit uic i)f ilti- Wss ihaii live dollars which 
will ()i()\ i(lc all lU'cded inaitMials. 

rhi.s j>n)j('('ti()n lantcin will give) casotuihly sansFactory results 

* in a scnii'daik iodhk In a Lotally dark place the pictures will be 
surprisingly clear and brilliant. The machine is planned to be 
used with eilfier opacjue or translusceiu ^:reens and. 'by the sub- 

I stitinion of suitable atiac hnienis, various types of films as well as 
slides can be shown. 'I'he dcsigti is such that no extra carrying case 
is needed when the machine is not in use. as ihc lens moimt can 
he pushed in far enough to close the oj)erating openings in the 
sides of the bodv and lea\e the fucus chamber available for the 
storage of slides and aitacluucrus. j 

Mdtcii'ils ,1fifm:x. Cost 

1 picic .Sh" i)l)\soo(i. :W \ 2\" 65^ 

1 i>it'(c 1 j" ph\s( )()(!. iS" \ LM" 65^ 

1 piece i^j" wliilf pinr. 10" \ H" 10^ 

50 1 7' hi ads lO^' :i gross 

50 -V't" bnitls 10$^ a gross 

18 [ /' nmiul luMtl hliud siicu^ .S5^ a gi'oss 
*J '/^ W)mul head hlui-d .stit-ws 
1 Mil tan. .i: Il•J^l lU" in ( iu iniifi; i lu c 
1 tin (.III. rniind. j;.iltnn 

1 (l.u I)a^^: kfUcss poncl.n'n >£nkt t 10^ 

4 yards lamp (ord I'pr rftMaI)ly 1hm\s diit\ iiibhn t(jvcii-d \ 

(ii't It ngfh nt'{'d) .}0i' 

.1 (Old f)lu:; i.'ij) fruljl)t*i hods iNpi; iJicft ! n il) 10^ 

! iiuioor fl()f)dl;i;}u hiilh. I:)0 www, (sju- R 10 95(* 

1 r^adiiiL; ^l.l^> J' " ■!■ i I'l ■ mm iliiiw muu i 2i)^ 
(A L;«)i)d fju.d.iN .' " d- I. 1(11. ■•! s| 7r> iKiiili hriicr 
TCMdts) ^ 
I l'>!l.)uin-4 !.'• !.!d' d :i d- -W' d 

I ( \vt) pj{j^^p*<^ppli:inM' CMiii (MiMic f'nr 'iO^ 

1 jf/Ii Idl oi di.i\\(i pid! i»t il:r handle Ujx* 10^ 



7 . 



Varli^t It k 1)1 1 U \r] 

Try stjn::!'- "i - • I \^\\\ :? t 
l»cn( d 

U iiKaw 
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«Coping saw frame and blade ' • / 
Brace and 5^'' bit \ 

Expansion bit, to (Note: If 'the lens to be used is over 3i4" in diame* 
ter, this bit will not be needed, as the hole in the lens holder board will 
have 'to be cut wiilijhe coping saw.) 

Hand drill ' " " 

Twist drill (Note: An 8 d. nail with the head cut off will serve as such a 
drill, and if no hand drill is available, may be used in the bface.) 

Plane 

Hammer '"^^ 

Screw driver 

Penknife 

1/^" Sheet metal punch or 8 d. nail cut off flat 
Can opener 
Tin snips 

#\/2 Medium sandpaper 
1" Paint brush 
Black enamel 
Liquid glue 

Preparation OF the Parts 

Step L From s/^" plywood, cut the following pieces: 

1 piece 3314'' X 10'' Base of Machine 

2 " 914" X 81/4" Lamphouse Ends 

1 " 85/^" X T'/a" Lens Holder Board 




rigiire 2. Parts to Be C\il from Yf^" Fiywood 



Figure 2 sugji^csLs a layout which will allow all pieces to be cut 
frcTi the smallest standard-size panel. Use the crosscut saw and 
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start by making '*Cut A," Instead of marking out the wfiok- board, 
measure and mark the line for each cut after you have made the 
previous cut. When sawing, keep the saw blade on the outside of 
the line so that the saw cut will not take away from the size of the 
piece you are preparing. 

Strj) 2. Mark ofT one of the L.amphouse Knds as shown in 
Figure 3. [ sc a 3 hit in the brace to drill a hole as shown. Insert 



the coping saw blade thrcuigh this hole and attac:h it to its frame. 
Saw out the 31,-^'' \ 4'' hole as marked out. This piece with the 
hole in its center ^vill be the Trtjut I.amphouse Fnd. 

Step 3. Draw diagonal lines from corner to corner of tlie Lens 
Holder Board. Adjust the ex[)ansion bit to drill a hole 1/'/' smaller 
in diameter than the diameter of the lens you are going to use in 
your projector. Lay the plyw(U)d upon a piece of scrap lumber an 
inch or more thick. Placing the })oint of the bit on the spot wheie 
tlie diagonal lines cross, drill cnni[)letely through the plwvood. As 
the ceruer of tlie f)it will go through before the eNtcnsi(Mi cutter, it 
will be necessary to hold the plywof)d to the scrap Imnlu i at all 
times in order lo ha\*(^ the large hole cut clean, 

Stcp'f. Fiom i j" pK wood, r ut ilu* Ifilhnvnig ])ie( c's = -rt' 1- i-^. -L'-. 

1 piece VS" \ \]\\\'' 'lop of Machine 



17" \ I aniphouse Sides 

11*^;" \ Sir/' l'\)ius Chamber Sitles 

\ Lc^ns Mount Sides 

S''^" \ \" Lens Nfount 'L(jp and li'^l^n 

X 1' V' SHde Holder Hack 

\ '\" \ \" Sliih^ Holch r Latc hes 
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l !.;iiu* I, l*.i'!s in Hi- Cut fiMia I i" 1*1\\s<kVI 

.S/r/> I'siii-;' thr l>T.i(r. '^V' I'i^' '^^^^^ ('npiiiu; saw as in vSt^p 2, 
ihr s ln>!r in tlic Slide Holder P>a(k, as shown in 



Mr? , ! . ( ^' ■' f(.-I.!: ! Hi. k 



^ i : : • ! : I • ■ : ) » j « r i n 1 1 



)'n. :|i i!l a hoK- in each Slide 



' I .a't a. M j\\ n In l r^ni r 'i. 



^tj •■■ore 



t M I ; ; 



iM in li' - hand di id. make* the six 
M' >:d> ^. as s-Mwn in Id-nne 7 (ou 
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Figure 7. Detail of Right I.amphouse Side 

Step S. From white {)ine. cut the following pieces: 

1 piece 8'' x 2'' scant x 3//' Upper Slide Holder (»uide 



1 
1 

2 
2 



scant X 



81/^'' X 2' 
85,^" X X 34'' 

8" X X 



Lower Slide Mf)lder Guide 
I .ens Mount Handle 
Slide (iuides (see note) 
Slide Guide Strips (see note)^ 



Xole: If a power saw or rahhelinc; j)IanL' is :i\.[iial)Ic. the Sii(i(^ CHn<lt's and tl\cir 
Strips may be made as sir.^Ie pieces 8" \ [) Ifj" x \\" with a \ \" x 3/in" i.tl)liet. 
Figure 10 indicaios tiic pii'^-.tion of tlic ial)l)t't. 

In cutting these pieces, use tlie cross-cut sa\\* when cutting across 
the grain and the lipsaw uhen cutting with il)e grain. To ha\e the 
pieces exactly the right si/e. it \s*(Kild he well, when using ilu' rip- 
saw, to cut the pieces sonu what large and then plane rheni to si/.e. 

Slrfj y. Rt'ni()\e both i-nds of the Miialt tin tan. With the .suij)s 
cut the cuned part of the tan .ilong the stani and llailen out the 
resulting sheet of metal. Mark and ctit out the two Slide Holder 
Ciuide Plates, u^inu: tin* iMttcnis sIhjwo in I'i'-zme S. 



\ I. 



I - I J ! . f i I. ■■■ I I ... 



I- lilt- i ■! ill ^ < .1 ! - ii I <■ I '1 1 .1' I ! ii:n';:rr 1 iii.ik( i ;;< i 'uli 



I l< 



■UMi 



■■'I 4! I hWIM 
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Tuin the plates upside down and lightly iap the metal around 
the holes to flatten the burred edges. 

Now lay the Upper Slide Holder Guide Plate on the 8i/^'' long 
Lower Slide Holder Guide made in Step 8. Put it in such a posi- 
tion that the 3,^'' wide portions of the plate project beyond the 
ends of the wooden guide. Bend these metal tabs down at right 
angles to the main part of the plate. 

Step 10. Viom the remaining sheet metal, cut four pieces 
K \//\ Punch a hole in each, i^" from the end. These pieces are 
the Lens Clips which will |)e used to clamp the lens to the Lens 
I lolder Board. 

Step 11. Renu^ve one end of the gallon can and smooth the edges 
so rliat there arc no sharp parts to cut the hands. This can is to 
form the Heat Baflie whicli keeps the hot rays of the bulb from 
reaching the casing of the projector. 

Mark a 3i4'' x 4" rectangle in the center of the bottom ot the 
tan. Pierct: the blade of a strong penknife through the metal in- 
side of the rectangle. By pulling the blade nearly out of the hole 
and then juishing it down again while the cutting e(I^e is being 
pressed against the metal, the rectangle may gradually be cui, out. 
l lie edges of the metal will be bent inward, but they can easily be 
siiaightened out by placing the can upside down over a piece of 
wood long enough to reach up into the can and press against the 
iT^^i(ic of the bottom w^hile the outside is lightly tapped with a 
hannner. While the can is in this position, punchy the two screw 
holes shown in I'igure 9, iaj)oing the edges smooth afterward. 



l [), Mil Mr ■.! B.Hilc I n.! 

12. With A pie( e of s.nul[).ipi r fohlrd os er a bUx k of wood, 
<ni<Kuh thr { (i ^ ol .ill \\\v piett s ol wood you lia\e pieparcd. 
lU' (Mteful thai \ou do not W)UJ1(! ihe cd^^i's; meielv .siuoolh them, 
inu: tht'ir f neis scphiie. 
V \\\\\ -ill sidcs^.md cdm s of tlu- wooiicn p.itts. I \i'e[)t for the 
lit- It li.ifilr, liif i\^.ial [).uts shniihl \)c p.iintcd. Allow tfiem 
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to dry coulplcttfly. If neccssury fur a guud fmiiih, a second coat of 
paint may be applied. 

Assembling the Parts 

Step 13. The Slide Holder. Spread a thin coat of glue along one 
wide side of the Slide Guide Strip (from Step 8) . Place the 
glued side down on the ]//^ wide side of one of the Slide Guides 
in such a position that one edge of the narrow stick is along the 
edge of the wide one. Be sure the ends are even; then nail down 
with four 1/^" brids. In a similar manner, assemble the. other 
Slide Guide Strip and Slide Guide. (See Fig. 10.) 



IB' 



115 



ti^uic 10. riif Slide Hr)kkT 



Now apply glue to the y^/' wide side of the Slide Guides and 
place them along the edges of the Slide Holder hack (from Step 
5). Secure each by driving four i/^'^brads tUrrtfigh the hack into 
the guide. This completes the Slide Holder. 

Step 14, The Lamphouse Frofit Assembly. Apply r^luv io the 2" 
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sides ot the Slide Holder Guides (from Step 8) . Lay each with its 
edge along one of the Oi^'' edges of the Lamphouse Front (from 
Step 2) and eijuaHy distant from the ends. (See Vi^mc 1 L) 'n this 
position, tlie Slide Holder (from Step i:5) sliould slip freely but 
not loosely between them. Leave the holder in this position while 
completing Step LL Secure the Slide Holder Guides in position 
by driving four brads through the Lamphouse Knd into each 
of ihem, ^ 

Place the Lower Slide Holder Guide Plate (from Step 9) upon 
the Lower Slide Holder Guide with the ends of the plate 

and the guide even, 'Lhc^i>{)per edge of the plate must extend 14 
beyond the guide to form a lip to hold the Slide Holder in place. 
(See Figure 1 L) Fasten the plate in position wiilMhrec i//' screws. 

Fit one of 'he Slide Holder Latches ffrom Step 6) to the end of 
the L'pper (H'') Slide Holder (iuide. The hole should be in the 
end of the latch nearest the Slide Holder. Adjust the 'latch so it 
extends helow the edge on the Slide Holder Guide, ^n this 
position, when the assembly is comj:)lete tlie latch will prevent the 
removal of {lie'Slide Holder. With the latch thus placed, drive a 
brad thiDuuh the hole in the latch, keeping the brad as far 
awav from the Sndc Holder as the hole will {:iermit. Poimd in the 
brad until its head is level with the latch. Now the latch can be 
slipped up uniil it cleais the cclj^v of the Slide Holder, which may 
then be pulled endwise ivniw its {)()sition hetwoen the guides, or 
th(^ latch niav be sli[){>c(l down utuil it overlaps the end of the 
Slide Holder hv \y\ 'J he V.ppvr Sli<le Holder (uiide Plate will 
hold the latch 10 the er.d of iht guide ill the completed assembly. 
Fit the other lau h to the nppr..Nite end u\ the I'pper Slide Holder 
(illicit* in the m.iinur just describecL 

W ith hmh latelus in pl.u c over their br;j(!s, l.iv the Tpper Slide 
Hnlder (tuide Pl.ue upnn the Lppei Slwle Holder Guide as was 
done with tlie lowei' i^uide ,ind plate. The lowei edges of the 
l>eiH tal)s of liie plaie .should he e\en with the bottom of the guicie, 
thus allo\^';nt; a lip of the [J.ue to {noject downward \/^'' to hold 
th(^ Slide I[f)i(lei* in pl.ue. as was the case with th.e plate on the 
lower 5^11 id e. 1 est to he sine the po.sition of the plate is such as to 
[\\h)w the Slide Holder i-i he withdrawn endwise when the latch 
is r.iisc^d. but to hold it m its [)i()j)er pl.u e when the latch is down. 
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li ncu'ss.uv. ilu- phms may be hnit sli,^litly lo make the holder 
\\u)\v HKHc inch. When sure thai \hv paits aie in place, secure 
"/ (iie j'lau: l)v nican^ ol 1 !?eve\ss. 

Nuw tuni liie asst iwhU- L»ni(lt^ side down on ihe \\*oi kbeiu h. 
riaee ihe Ileal liaiile^ Step lli hDiloin to laini)h(3use Knd, 

ca-nter the hole i)\ev ihe ojienii^j; in ihe ])l)'\s()()d, and fasien it in 
jihuc with iwn .1./' screws. 

S(rj} 'j'/tc i .'.itii j/housf Rt-iir .hsctnhlw Diau dian'onal hnes '^■jS^ 
fioin lorner tn ( ()! lu r ol ihe Rear I .aiiiphouse Laid (["roin Step 1). 
IMn.^ sc reus, ta^ien ihe poieelain socket lo ihe plywood. The 
(Ha^onals will make ii possible in ui'i ih.e (riuer ol" the socket in 
(he exa( L (enter ot the plywood. 

Cut a f^" lcn_L;ih Imm ihe lamp cord.* Sep<iraie ilu* iwu \siu\s it 
contams for a chsiance 1^" from one ejul. Scrape the iusidation 
from 1./," of the end (;i eacli of these wires. Screw eacii down lightly 
under one of the lerniinals of the sot ket. Tie the cord in a knot as 
c:l(j.sc to the sf)(ket <is is (()n\enient. and wiih a piece of string 
:lnoueh the knui, tie the lanu) cnul lo one of liie screws that holds 
the Socket to the hoard in sue h a niamier ihat any pull on the lamp 
curd will not {jull ilu* wires rnjiu under ihe sot ket terminal screws. 

Sejurate the wires in the cntuM' end of the ()" cord for a distance 
of 3 and .scaape the insuhition from i j" ot liieir ends. Take 
ap:iit the half o! ihe Appliance (iend C.onnt'tloi which has ih.e 
projec lin^i i claries. ^*ou will Imd a u-rnnnal s( l ew on ihc^ iiuier end 
(jf iMth hlade, Allach (Uie ol' ihe harcT n^ls ol ilu' wires to each 
leiininah and then put liir (oinnctoi to'^^i l):e! a^ain. De (.uehil 
t\\.ii n;)nr o[ i ju- huh si laiuU ol • -nc » »l l hr w 1 1 1 s is a!^Ie lo '^cl lo 
hare luei.il t f >mu'( -rd to l he o: hci v\ ii <•. 

M.ikc ;i J) 1 !u' It .i I ^ !a M: p i f > i : 1 in i o! n h > 1 1 n 4 i :ic oi he r hah ol i he 
Ai «piia;*.t c ( m; < i ( '» j : n . :» - i : < > "M( • ■! i : ^ i i a U and i ! le Pin* ( !a[i to 
tiu" olht ) t ml. M li-t 1 ;it 'i t . ( i i* .n^ aN \i mi ihd i he » j1 I -u 

( 1 1 1 1 n ( I ! « • : ■ o ; ■ : J ■ N . ' ! ■' I I ' : 1 1 ! I ( : ! I , ; ; a ( ( I i : ' .;.')• j i i ; I : u : . ; i 1 ^ ■ \\ o t 

s: ' .» I !v : 't } I . \ ! ' ■.' : Mi • :t N h ; •! : ! I lit' i « >1 : ti: i til i Mr I'^W-J^ 

I ; . t d •(■..lilt ■ ■ ! : : • » ' V . ' I s ; : ' ; I 1 1 !.j k e 1 1 p 1 ! : { ' t ■ ^ I d \ ]ii y si a; !d 

i Jt • ^ ( j ■ 1*1 ' J « 1 ' • I ' « : " { ! ! ' .' : • I : ' I ! « ; t i i . i ' i • > ! t ! 

\r. :!h- ;j,5.i.i'' . i s. • ,r..r- \ ; r '!:: : :.v ".s lU n :n 

♦ .V. 0 ■: . . ■ ■ . J ... . . • i 
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Scrape ihc insulaiiou l"rt)m oi" tiiese cut ends. Open the Feed- 
tin uii^h Cioid Switth. (lonncct the two baled wire ends to the 
tenniiKils in the swiii h and hiy the utu nt wire in the chann'l pro- 
vided to carry it ih.ioiigh the switch. ReaNsenible the switch. 

.S7^7^ Ify, I'hr lM?}il^hou.sf\ The hmip cord leaves the socket on 
the lower side ot the Laniphcnise Rear Assembly. Apply t»liic along 
this ^^W' edge ot (lie ])lyw()od. Wy means of lour ']^^'' brads diiven 
thronj4*h the base of tlu" machine (from Step 1) attach the Lamp- 
hoiiNC Rear AsNcmbb to the base, placin<^ it so tliat the base ex- 
tends 1.;^" behind it and '^^^"'on c ;u h side of it. Obviously the 
socket is on the Nide whidi will be iirside ihe lamphouse. 



, — -'-r 






* 1 




1 




La )i 




RtiT V-Cw 



I \\l 1 111- l.aiiiiiljoii^r 



Lutn ', liie u-.n nl tlie Kimphnn.se, a})ply glne to within about 
an inch ^il ilie lop and bottom ot the leli edge of the Rear Lamp- 
housr l o'l W) (iiiwng biads ihiough the Left I.amj)honse 
Sidr iilu' nnc widiMui lioles) Listen it to the glued edge of the 
l.amphnw^' I nd. Il slioidd be pl.iccd so tli.it theie will be a :]^^'' 



sji.il r bcl I rn ils li )\M r C'd'-^c 



Old the IVisc ot the Mac hine. 
AppK 'Juc- lo tin bolt on\ and !c'tl c-d-irs of the Laniphmise From 
Asm n:i)!\ m a siniil.n manner. Rcimndu'i the Slide Holder 
1 j!( lir^ ..i I .0 i!u inpol the- asscmbb 'lind the" 1 Ic .il iiaflle extends 
t>ji k nU'i I'u- lain|ili<uisc'. DiiM- biaris thiough ilic from end of tlie 
Icli >idr !' iUt 1 U} sr< ulc tlir liout as^fnd)lv in j)Lice. lie sine that 
ti^.ni ' -Uc o| side- p.ni' I d«)c^ not piojcct bcyonci the ply- 
■..M(,f] M!i!nc i)l ihr liMni assembly oi tl will inuifcie with the 
: ( i\ .'.] I \ ill Slid{- 1 b- ddci . 

|'>. ^-.s s;\ I n \v>. i.is;rn \Ur Kij,ht I .ami)ht)U^c Side in 
j,:.t( ( (: ■ f . .M csj'MMd \^) i!m' bit side w MM h is j;bied and nailed on. 
I In n^'*- J ^idf is .It I .u !ieii w i t il s« 1 1 vs ^ to [ >ei nui its i emM\ a! tor the 
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W itli buih sides in place, the front is now held in true position 
and iiiay be fastened lu the base by means uf foui brads diiven 
up into it, lake the rear of the laniphouse, it is y^'' from the sides 
of the base. 

Ai)ply ylue to the tops of the laniphouse ends and secure the 
Top of Machine (from Stop 4) in place by means of eight 3^'' 
brads. '1 he rear of the top is e\en with the rear of the lamj^house 
end. but its sides extend i.^" beyond the sides of the ends. The 
3.|" .spaces below and the s[)aces abo\e the side panels are to 
piovide ventilation for the bull). 

.S/e"// //. 'I he I. ens Mount, A[)ply glue to both ends of the Lens 
.Mount Uottom (InMu Step 4) . liy driving three Y^'' brads through 
each of their ends attacii the I ens Mount Sides to the glued edges 
of the b(ntoin to stui forming a Injxlike assembly, Since the sides 
are wider than the bottom, one (;f tlieir edges will extend beyond 
the edge of the botioni, but the other edges of all three should be 
even. This side (jf the assembly will be tlu^ front of tlie finished 
I. ens M(nnu. (See l i^. 1!^) 
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') i ti^f -ind iJic 'Wo side edgt s 
. w... .Step i'lM r i( in thr box- 

all t .ids pii p.ut'd. m Mi( h A Tn.iiuuM ih.ii its Miit.u ( wiilujiu di.ig 
on.il bill jii.olnmN l^ n\o irnlio iiowi \\\f r\tn tmni fd^e of the 
.Si-i iiM- It iti « wiih si\ • j" bi.idv 
Apjils ^hir f.j thr iippi 1 rd.;r- (»l ihi I (■n^ Nbiiini l»M.iid ;uul to 

tin 'V-M e^^i^ <il lln 1 ( Us MmHIU I'lj), (j>Mlj)l('{i lH>\likc 

in< >uni 1 1\ j UN : I n i i m u i\) ui pint t o i ni r rsp* jiit 1 d i i br b ntom . 
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A])ply ^luc ttj cuds and one ol ihc sides ol the Lcus Mount 
Handle (IVom Slcp f<;. PKur ii in the mount ahnig the front bot- 
tom edj^e and .^eeuie it in poiiiion by means ol brads through/ 
the sides and boUum ot ihe uu)UiU. 

IMace the moimt tiont clown on the uoikbench. Remove the 
leading glass lens [\uu\ ii.^ tiame. La; tlie lens nn the I. ens Mount 
lioard. (ieutei it o\ei' ihe hole and. tising the four Lens CMips 
d'rom Step 10:. (lamp it m phue. d'he i lips should be bent so 
that when the ).:," sciesvs through llieui ;ue tight, there will be 
piessure enough U) keep ihe lens Ironi latiliug, but not enough to 
ciaek it. 

Sit'}) /V. I lie rocus Chfunfjc}. Aj)plv ghie to the lung edges of 
the I'oc irs C'.lKunl)er Sitles ^ (i i om Step 4; and place thcni between 
tile top and bottom ol the machine. Their oiuer sides should be 
e\en with the edges of du' toj^ ol the niai hine, btit in from 
ti)e edge ol the sidi"s ol the base. I heir front edges set \/^" in from 
the front edge of the'top of the machine and ^/^'' in from the front 
of the ba.se. Scxiue them in place by mc^ans ol twelve brads through 
the U)]) and base. I heir j)osinon should be such that the lens 
mouiu ma\ freely, e\en looseh, mo\e within the chatnber, 

Sif'p l'>, Misrrlhnit 'Jii.s. kemo\e the lamphoiise side and ptit in 
i!ie bidb. .\tiat h the caminLi- handle to the top of the machine in 
sU( !i a piisiliou that its si icws go down inl(j ihe upper slide holder 
j.uidi . S( U'w the feet to ihe four cornels (jf the base, and the 
luai inU( is icadv for use. 

( KAi laiK Pro jKcroR 

1 h( tnai iiMu is o])fr. ucd in the Usual ujannei. Any smooth, 
'■•-lat ( oioi ( d suitace ;u.i\ be used as .i j)Oijc( nou scie<.'n. The 
■iaikt r lilt- luniii .lUfl the M.i.tjicr the im.i..c (ui tiie screen, the 

:i i-^h 1 !ic j ii ( 1 j' ( ( K iu 'v\ I ! ! lu . 1 iie si/( ni i i)c nu.ige at any given 
disriUM \\\\] ih j riid up'Ui i!h h iis. A L'i diameter dime-store 
: : .id in J ^lass i- ^ with a '.m irfiui ii .d)MU( M irivfs a {picture 
Mn'cf* t wide A.'uu !:h ui.i(hine is .tboui nine tret frr)m the 
• N ( n. [ : ; * ' !i Si 1 ^ . ! : . 5 I isf ! iic iii.n fi i lu : - - ! ; ii < i t ion t h rough a 
' ' u - ^I I ii f u { ^» 1 ' t n \N : ' : ; 1 ! u ; ! M' ; • i ; u ■ " . =. 1 1. : ; t s " t ' 1 1 : ii 1 t iir S( > <»cn . 

i -^I'Mid MMulai h-n^ \]\.\\ i>c li.oui^td i-^ fhe Iw-iu of the Ions 
Mil n t : -a : d a i t ;i ( ! ( i ; : ; u ; j ; ■. i ! c w i i ' ^M 1 ! ! >(■ a i hui t i firee feet 



ERLC 



A Lantern-Slide Projector 

wide, although, because ot the type of lens, its shape will be some- 
what "pincushioned." 

Because the projector is built without expensive condenser 
lenses, the screen illumination is not even over the entire surface. 
However, the diminiiii^-out at the corners is not too objectionable 
with photographic slides, while it is practically absent when 
ground glass or Frosted luniarith is used for homemade slides. 
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THE GEOMETRY TEACHER EXPERIMENTS 
WITH MOTION PICTURES 



Rachel P. Keniston and Jean Tully 

TiiKEE VF.Aus AGO, Professor Ehy of the College of the Pacific in 
Stockton, California, developed a course in visual aids for the pur- 
pose of inspiring classroom teachers to experiment with them and 
to use tiicm in practical \va>s. The -.vritei.s enrolled in this course 
which was composed mainly of teachers. The group were enthusi- 
astic to find the variety of visual aids that could be inexpensively 
made for all types of classes from the primary giades to college 
level. Much of the thne was spent in considering individual prob- 
lems; consequently, memljers of the class were free to concentrate 
on their own projects. 

Aftev considering various projects applicable to mathematici, 
such as slides for projection of special problems or tests and the 
still fihnstrip, we decided to make a geometric moving picture 
as our project, although neither of us knew anything about taking 
pictures or developing them. In this aiticle we shall relate our ex- 
periences in making two films, 

We chose as our first subject "Locus in Plane Geometry" because 
the subject matter seemed particularly fitted for motion pictures. 
Our .second subject was "Concurrency in l^riangles." 

The locus film begins with six locus theorems, usually considered 
fundamental. Each of these we showed first as geometrically con- 
stiuctcd, and followed by applications taken for the mo.st part from 
some life situation and presented by means of an animated car- 
toon. 'Iheti. to give a glimpse of moie complicated aspects of locus, 
we pictmed some compound loci, the cycloid, and the conic sec- 
ti.ms. Tims the film is one that can be used with success in a class 
after their initial wo.k, serving to humani/e and clarify the sub- 
ject, to present a unique review, and to give the students a desire 
to know more about the topic. 

Tiic him nn cniir un ciu v (Icvclopt.l the foui t.iscs of the ton- 
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currency of lines in all types of triangles. Questions dealing with 
the position of tfie point of concurrency were presented for the 
student to consider and were intended to lead him to definite con- 
clusions concerning concurrency and the influence upon it of the 
type of triangle and lines involved. 

These pictures were taken entirely indoors fiV)m drawincrs made 
on paper 20" x 27". The drawings were attached to a drawing 
board of about the same size, which in turn rested on a table that 
was set in a groove in the floor to prevent change of position. 
Stand lights may be used, but we used a rectangular frame of 
photoflood lights around the edge of the table and controlled it 
by a font trip. If stand lights with four number 2 photofloods 
are used, they can be placed farther away from the board. 

The camera was held in place by a frame attached to the waM 
in such a way that the camera was directly above the drawing. 
Professor Cox at Oregon State College had originally suggested 
building such a stand out of an electric drill press, thus making 
the camera highly adjustable, yet rigid with respect to the draw- 
ing board. 

When we were shooting titles, the c amera \vas placed four feet 
from the bo.iifl. Fig. ire 1 shows a title used in this picture, 'l he 
lines of the lettering should be about in width. The title 

shown measures about 7" x 1.^'. and. when projected, Hlls the .same 
spacerfs the diagrams. 

For shooting diaurnms, the caiiu-i.a was pla<C(l six IVet from 
the drawings. Thus laigcr drawings could be used and lines on 
them could be tliitk enough to piojcct we'll. .Main lines on draw- 
ings wcMc about I j" wide. 

Various (h vicrs ucrc used to make the animation and ex()!ain 
the contiuuitv. Titles and running comments were [Minted as 
illustrated in Ki-uie 1. We used l>la( k d i au'i n- ink on white diau - 
ing paper, havin-^i is( overed after experimenting that white papei 
.i^ave l.ettei resulfs th.in velhuv. 1 or both tartMon and consti ucticm 
work, the l.a.Me lines of ea( f, setting were draun fust, and ti 
paits that ino\(-(l wftc added auainst this Ikk kn;rnund. 

Fi-iiire L' shiius the cittoon used to adonipanv the locus d 
scrilxd in the title in l-imnc. ]. ffeir the house :ind scenerv were 
first dlawii on p.,,,,.,. \\\- used a [)Misfi. thus ■jnnin-a !)etter eltc ( t 
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LU)DQ2 \/U[N TUC LADDffi ' 

m. m LOCUS b made 

5Y UlS TOE AS THE LADDEB 
EAILS TO m CWUND? 



v 



Figure 1 

with suggested lines than we could have done by attempting an 
accurate drawing. I he man and the ladder we"^ made on sepa- 
rate pieces of paper. To obtain the motion of the ladder's falling 
to the ground, the ladder was moved about an eighth of an inch 
at a time, and about two frgnics were snapped for each position. 
The dots were pasted along the locus as the path was made.. Then a 
compass was used to trace the arc in order to point out the locus 
theorem involved. 

There were, we found, many pitfalls in working with anima- 
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tic;ii. Fov (•\auii)le. wc wi^shcd to illusd.nc the simple circle locus 
hv .shouin ' the ln>niicLirv ot ihc (Ai t which a co\k iu..y gr.'uc 
if tied l)\ .1 Hipc U) a stake, Ilavin^r painted the backg'-ound, we 
discuveucl thai il was impossible to move a toy cow around the 
l(»ciis. as planned, for thecanieia from abo\e Xi'oiild .sho.w the back 
of llie cow as in an airplane view, and this would not coordinate 
Willi the anj^le ai which the scenery was drawn. This problem wms 
solved In- makinj,^ several cardboard models of a cow and laying 
them ilat on the drawing in many of ihc progressive positions that 
she would lake on her trip around the stake. Then, as the locus 
was tiaced b\ -means of successi\clv added dots, one of these 
lows was alwavs present, Tjie hnal elfect was quite satisfu^tory, 
except for the slight leaps of the cow diu' to the too great distance 
between the {positions of the models. 

Another illustration of ibis circle K)ciis was unsucccsifub We 
^vjcd to show the locus made l>y the tip of the hour hand of a 
cU.rk. \\ e u.-.ed an alarm clock placed on a piece of drawing paper. 
We snapped two frames, moved the bawd an eighth of an inch, 
snapped two more frames, and repeated the process until the hand 
had nu)\ed com[)letely aiound the dial. It took a long; time to make 
the pictuie. rnfortiiuately, it was launanly impossible lo set l1' ; 
cloc k in exactlv tbe same spcn each time the liaTids were moved; as 
a result the picture showed a \eiy li\ely dancing clock, with the 
hour hand bi caking all speed rec.oids on its journey around the 
diaL It was an excellent illustration (;f the way yiot to show ani- 
mation. 

Our appbiaiions of lotus weie not always outside the field of 
gcometiy. Im)i r\am])lc. lo illustiaie the theorem 'ihc locus of 
points equidistanl \)()rn lu o poirits m tiic perpendicular bisector 
(»i the sriiment joinnrj^ flicfn, we used two piirelv geometric set- 
lin^s. namciv the !o( us ili,:' \ eiiices oT isosceles triangles on the 
same !;ase and the [ ci ])endic-ular biseftor of the chord ot a ciidc. 
In the first. bKw k and \^iiiie c:ndb«ia!.l iiiam^lc's nf varicnis ahi- 
riides writ- m()\('(l ^i.uhiabv inin the ])iiime cnmii^g lo rest on 
the (MMunnn b;is(» uhicli bati been picxioiislv drawn r^n papci. 
!n the >:'(nnrl. Milns w/ir UH'd !o !o(.uc t'ne pf)ints erpaidistant 
fiom the e!)(is nf liu- ( lioiti and dots wcic made with a (be to shuw 
the hu .uions. \\c Idliuwcii the n.itmal wa^ in ( ()nside! ? \()( us. b\ 
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locating .se\cial points to satisfy the condition and tncli drawing 
the locus, which was shown by the motion of the point. 

We included in our illustrations touches we hoped the student 
would find humorous. For example, toXiUustrate the locus of 
points midway between two parallel lines, Ve showed a fly wan- 
dering around a room and finally taking a direct path across the 
walL The Hy, the flit gun which ended his life, when it stealthily 
appcareU in the corner of the picture, and the footprints he 
left— incidentally recording th*^ locus — weie cutlfrom paper and 
applied to the drawing. Here again, a sufficient nun\ber of frames 
were taken of each position to make the final motion ^low enough 
to follow. 

In making purely geometric applications and in showing con- 
structions, particularly in the film on concuiiency, more i^echan- 
ical devices were needed. Figure 3 sho^vs some of the objects used. 




Figure 5 

1 he Lonijj.iss was a lucial one, *i he stamp \vas our most fre(iuently 
used ini])l('iiu nt, ha.aus(? it made a clot one-fourth inch in diam- 
ftti and all consii ik tion litres were shown by a succession of suc h 
points added manually. All other anieles, such as the protrac:tor, 
luleis, and tiiaui^les, wcie made ol caiclfjoaid and ni.uked with 
i)!a( k ink. *I he piotiactoi and the inieis weie used to show nieas- 
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uromcnrs and (o give vaiiety to the pic lines. 1 he aiiows were very 
convenient to point out things to be j^iarticulaiiy noticed. 




Figure -1 shows a simple construction as it is jiisi being com- 
pleted. I he way a compass can be used is especially iiUeresting. 
The point ol the ct)m})ass was removed, and the cDinpass sciewed 
over a conunon piti which was driven into the board at the center 
of the circl(\ U he pin allowed the compass to be moved a little 
at a time. Two lianies were snapped ot each position, and dots 
were adtled to show ihe line tiaced. The efTeit in t!ie pr(jjected 
picture is ot a magic compass moving without tlu aid ot human 
/lands. Ol t(niise, the pin occa.sionally did not hold; consecjuently. 
the dilfitulty ol adjusting the compass again in i!\a( tly the same 
position accounted tor strange wobbles. 

l or all our expeiiments we used a positive (ihn because it gives 
a high (oniiasr, thus making sharper tith's and dra\s'ings. Speeds 
range fioni to Weston. We pielencd the faster fdm because 
we could \[sv \cs\ iUuminaiion; when sttUid ligliis ueie used, we 
coidd place them taiihei liom the board. Alihounh all leading; 
niamif.K I in (1 s b.i\ e l^o^mI pnsii i \ c [\\\:\, we used sonic 1 1 om (ia\ aei t 
and Dupcuit brr.iiisc ih(^\ h.ne e>pe(ially ^nod pcsiiixc lihn ai 

8 SpCCMl. 

As .1 (1( \ ( lopcr. we u^rd 1)K "jO bt caux- it h:ul suIIk icnt con 
n.l^l .uu! \it (• is\ (i) ionln>l. At the linu- that we nruie the 
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\)\k,\u\l\ w'c \\\'\v \\>>\\\:, M\ '*;iiti(" lat'oi Jtor)- :uv\ "dishiinn" d*^- 
vclnpinj;, rKuii(.{lh cviiuliiir^ uas i'\ pfniuciual. c'\fn ilir (if- 
\ eh)) jii!;^. '1 lir liliiis wnr woliiul animul a hoiiu- mack' U'cl 17" 
\ 1^". uhiih ujs (lii)i)td inin ihu'c uaiiou \criii'al cwiuaiivrs 
lor the ihu'c piiHt-vsts ol clt'VclopiuL;", fi\iii;j;, .uul wasliini^. W'c 
Tiu iu i( )n I Ills in .shi)\\ thai one r /i^- t'\ pel iint'iit u iili pi< ( ui cs iiiulcr 
I'caulilions ol iliis kiiul ami ohiaiii U'siilis, pu;vi(k'd \\v (iocs 

no! mind a icu- wa'i i" spots oi (utasioual llickciings in i\\c \\\v 
islud [)i(.uuc. 

Wf lia\o sho\\n ni this aiiiiU'. were ainalcuis, and ot 
loursc the u'sulis wvw not prok-ssional. I Icjwcvcm', ilio cxpori- 
UKf and inn ohtaincd \st'U' woidi die lime put into 

the cNprrinunt. In addition, .^c■ tomid the pi(tures usable and 
siiinulaiin^u; ro our cias.*^es. Ikihaps more of such experiments by 
amatc nis will help hasten ihe time when professionals \v'ill see that 
maiheiuat its is a i;ood lieUl foi (chicaiional j^ii tnres. 
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i. ClnoicK oi- Subject 

EDLCAru)NAi Ml MS iruiicasing in number daily, but only a 
few inadicniatiLS films arc as yet available. Tlie chief reason for 
this lack is that the pro{)er use of mathematical movies in the 
classroom is not comj^letely understood. .Until more commercial 
films are available, teachers must make their own. This article is 
intended to show the kind of films that teachers can make for 
themselves, and to explain the technique of making them. Many 
of these fihns ha\c been completed by ihe wi iter; others ha\e been 
partly finished. 

'^riic guidinu; j)rinc iple in the ciioice of subject is that rime 
should not he waited in making* or showing movies when a black- 
l)o;ucl denionstriuion. or a set of printed illustrations will tell 
the siorv ju.si as well. In all the films li.sted, motion is :u\ essential 
p.irt of the ai'gunieni. It would be vers easv to ignore this prin- 
(■i{)le, but such temi)tation should be put aside. Make films only 
when moiit)n is an essemial j^irt of the arguinoiu. l-'or example. 
on(.* lopic on the oiiniiial list lor film production w.is "(Tcometry 
in All. N.uuie, and Indusiiv." 1 iiere u.is to In- a pictme oi 
sf)me()ne taking a [)ill (with a close up of the pill) to illustrate 
the clh'ffstn'd of rti'dluiiori , antJlher of a cook opening a can of 
peas U) illustiaie the (yUridt-r, and still cUioiher ol a snowstorm 
and eniaiiicd snow Hakes to illusiiate the When put to- 

geth(M" .dl this took too lf)ng to give the sini})le message: "d'here 
are m.un ueomeiiic shapes in art. nature, a.nd industrv about us 
even da^.** 1 lierefnre roh^T-ed projection slides were substituted 
and these made possible a flexible hu'tuie that could be adjusted 
to the audu iK c' and the time availabU\ d he oiiginal justihcation 
for usniii m(Uinn [)i(tur(s in ibis situati(Mi w.is the fart that the 
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intioduetion of motion added life and iiuere&L and kept attention 
consiant by its novelty. 

This aim is important to recognize and to use, but it is not the 
ohjctt ol" this aiticle to di^(■nss such movies. Tiieir invention is 
endless — any subject can be dramatized artificially. There is no 
doubt that a motion picture showing three men (A, B, and C) 
digging a ditch, or a man rowing up and down a stream, or a 
swimming pool with water lunning in and out of it, or piles of 
money growing larger and smaller would pep up the solution 
of pr()blem.s in algebra* But this is too long and artificial a method 
of {)resenting a problem in which niotion is not part of the matl^e- 
matical argument. Films for mathematics teaching which inject 
motion into situations only because motion adds interest are 
explicitly excluded; most of this can be covered better by field 
trips, printed illustrations, or collections of mathematical models. 

There is another principle ..that should be kept in mind in 
choosing a subject for a mathematics movie: These movies- should 
teach, not merely illustrate. For example, a r . uire of a visit to a 
bank with close-ups of commercial forms better than never 
having the class see such forms. But it is usually possible to visit 
(he bank itself or to bring real checks, notes, stocks, and bonds into 
tlie classroom. This latter method is much better than using films. 

How shall we find suitable subjects if the negative rules above 
are ke;)t in mind? The teacher who is alert to such phrases as: 
"iF point P a[)[>roaches /^',*' *'the area approaches a limit,*' **the 
number of divisions becomes infinite/' "place AB on A'Ii\^' * -under 
pu ssure ihe ( ircle becomes an elli[)se/* or **the angle increases'-^ 
w\]] \\A\c no sciocity of subjects. In short, by noting the thousand 
and r)nc places wliere duinge of position (motion), change of 
shdjir f'lKUi^fnrtn.uion), correspondence, or limit is implied, topics 
w ill !)e found. "1 h(* secret is to use motion where it is implied in 
tluyrti If licuMrical ;ni;ument. and where the expert and gifted 
TiT-uhcm.i:ici.m suf)pli(\s it u*ith his iiuuition and imagination. 

II. l''ncn'MFNr TtiAT Is Nkkdkd 

In (M( h of the fnllciwinir lisr.s the most important ecpiipment 
lu'cdcd tn pi(Hlu( e (ilms for classroom use is catalogued, with the 
!wsr ,{\.iiiiMc policed first on the list. Prices cfiange, and better 
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buys may appear on the market at any time; but the following 
are suggestions. 

A. Cameras (16 mm,) 

1. Eastman Special. Eastman Kodak Co., Rochester, N. Y. 
($417.50). This camera has the advantage of being the most 
easily adaptable of all the fine 16 mm. cameras, and of being 
made by a company that is very helpful in solving adaptation^ 
problems. 'I hcre is a definite disadvantage in the high price and 
in the use of only two different lenses in the double-lens turret. 
For other uses, where it is important to shift rapidly from one 
lens to another, this limitation would be a handicap, but not for 
carefully planned mathematics movies. The high cost of additional 
equipment is more serious. When investigating this camera, ask 
about the following features: matched diagonal masks (§11.50), 
matched quarter masks ($23.00) , Model UA motor drive ($185) , 
electric release control ($125), and interval timer ($150). For 
simple work in a small school with a meager budget these prices 
may seem high — and they are. 'Fhey are presented first to tell the 
whole stoiy of the most adaptable IG mm. camera sold today. 
Sini[iler and h'ss expensive equipment will be found in the other 
ranieras listed. 

Do not try to ( ( unoini/e b) buying and using 8 nmi. equipment. 
'!'he film (being only half as wide) is much less expensive, but it 
(aniK)t be j)r()jc( led before as laigc groups as the It) mm.; the pro- 
jr< t()rs for S nini. [M{)je(tors a c not so bright and need darker 
r(U)ins ihcUi those for 1() iniii. and less technical equipment is 
.i%.ul.ii)lf for increasing the Hexibility of the apparatus. For some 
f)iu post^s iS nnn. cameras, film, arid projectors are excellent, but not 
fni tf.u hing films. 

Ih.irx U /^). American Bolex Co., Inc., 155 Fast 44th St.. 
Nt w \ .uk Dolhn- tor dolhir tliis is the liest buy on the 

ii-^i. bu; ii I^ placed sec(;nd because tfie camera and ecpiipmcnt are 
Wi hir \u S{. Cioix, Swii/erland, and there is constantly the danger 
:.l ii.ivniL; liif ^nur(e of siij-jply and major re{)aiis discontinued. 
S' .!:.| ij;! jiiipiDt'iit includes automatic threading, tlnee objc^ctive 
':r ri<. s;rm!f fi.unr fXMf)suie, hand crank and audible foot- 
t.M ; -Mii''^. jnd i^>{ai ol.me siiutici. To tht\se may be added 
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syiuhionous motors {'lA fianics per scrond) (.'$130), Cin^-fader 
^$17.30), Clinc rratuiLo ($:52.5{)j . and Ixhind-the^turret slot for 
filters (Slif)).' ' 

Filmo 70-I\ Ikll and Huwell Co., 1801-15 LarclimonL Ave., 
Chicago, 111. (31!43.30). Good loinidaLion camera that gets .into, 
the higher price class when the extra features arc added. Standard 
features include ihue-wav turrethead; sev.-n speeds; f 1.5 lens. 
P()ssil)le additions, ii.nid cnnk (S15^ , external niaji^azines (.5210), 
electiic nmior fSS5;, mask slot devicx^ with masks (SU)0). single 
Iranu- e\|>o^uH■ (.'^IT)^. wipe-oil attacliuient rewinding 
kfiol) (-Sl'j ; . N'cedei lootaj^e counter (S7.')) . 

■1. I'llnin 7o^/-\ licll and Ho\sell (>ir.M.M). . 
i'lluin in. lUP and 1 Iouc-11 /SKin.jfV. . 

(i. l-ilnu) 121. WvW and Howell r.SrJI.aO). 

7. /■d.^fff:a>i Mndfl l\, l astman Kodak (S^^7.3{);. . 

\ uinlji I N 1 7 till I h 1 isi .Mr d^liniir!\ sn o; id ( !imu c, 1 hc\ (an 
t,^ u^^'d. hiu thiA' ircjuiu- \\\n\'.: tau'lul tcihni^pu" in woikini^ out 
ilii- same rllciiv l" .ic ii pi i( c tpH'icfi is loi ilu- '-.ifiiria cijuipped 
ilu- ii;nir f\pinNi\c last huv \\iM(i) h.is a i;:caur ran^e of 
.;;:iM;!!!.ii i- -11 u^>-' uln- : ^. 11 t.M;ui.! in umcI oiilv hn animalcd 
i.i!!M.M] \^-:k wi::i ia: tApins:\c iloodli^hi^. t!u ])ii(fs (an he 
;,-!::it(i !■> 'mU- ll,MO(^ h^ usii'U a IcUn: No. 1 - 

..; / S'l;.; .i; i i\ dcr^ In ^! pluN SI, HO tor de 

■ , ■;: ■ . 1 ■ !:!.;= .-d: (jua;! '^^■) j - i : 1 j -m s. S mcc ]i;;htinj^ 

: :.' : 1^ < • ' 1 h; i t! < ! ! ! ■ 1 v ( f ' I M ! ■ ' i = ' ^ ! i M i .... ' : IKl tilC UU )\icS, thci C 

:::!■{•' 1 !• - I ! [i ' ' :i : ; i :i' ' ai ! j > ; J : • - i ; ; .< pu 1 1 n i s c an i mated 
; : .5 :;. X i ; i ' k ,i i id !i ;! ( Old . > Mwl i m pi o p.t i i( li l ( MIVU ic (M" 

■ • i : ! ; ■ .^ .^ : '!;\!t p . ■ ; .■ n : f ^ i : • I : = r ! : 1 ■ : : . \ ; ! : ^ I : ' n i.ccflc d is a 

;. \ ;: (';.:: ; . .J I ,1^ s d j - - , ^1 .j! f < Ml? I !-t . ! Il is idO! (.01 hC 

' ^ , : ,] . .■ I ■ « ■ ■ * ^ ■ .; !,■..-;.:(; f r t ' . ■■■ I ■ : - ; a i id ! i\ ( f '111 

■ ; : -. . . n- .. vi l-i ' : It:;*!- i ! u\ ''1 the tvju^ 

; li : ( V . . : 1 ; m n. il. 

/',.../.' ! . ■ ■ 1. - 1 ■■■ < ' "^.'^l' [^^U^ ^I.OO 



l)cin;^ ,1 uu'.u ut-.tl ^lijuo in >[n il it quiu's iiioir . or ^^(■.lU•T 
lanu'ia Umis .Npt'ccl. I'l ic\L'ist\s ^u\o\ values- whirc hiHuiiu-s l)l,uk 
aiul bl.uk ha onus wliiu- an a(l\ant.i:4t' v)niftiin(s in irlicvin^ lIk* 
Diunoiony oi in i;ivin^ i!u" appL-aiant c ol aniniau cl l)lackbo;nd 

.. .SV^A'/v I'iLunvr, Afi^co, liin^^haniion. N\ Y, ($1.00 

i>lus ^1,00 ior tlc\r!.)pin^j . .Samt- (oinnu-nis as for No. 2. 

4. rnticliu^nuiih- RtTf-y.^ihlr. Aiii'.i Aumo (S1.''0 inLludin^.; dc- 
vcU)l>in.u) . A p.inchKunaiic fihn thai shonUl l)c whenever 
in\i!un<» nioie ct):!)!)!:! .Ued in (ulor values firm hliuiij^and white 
(Irawin.ns i.s n> be |>)in;')-M|.hrd, or wht ii n is nt-eessai y^H) have a 
somewhat faslfr (ilin. 

a, Piuichrnmnlic KrvriMhlr, l asiui.m Koriak ^>tV,0() ineludin.:> 
develonin.c^V Same eoTUTuents as lor 1. ^ 

(k n\tn.in l{rrr^.si})!(\ Aol'.t Austa; (SfkOD inehulinuf developing). 

7. Snjirrp^n} I:rrn^i!^lr. \'^\\\ Anseo ^^7.")^ in< ludin;i develoj>. 

^. S](jirr^rj} fr: t' /V.v. Ix '\ f i .u^tlr. l'is;m.tn Kod.ik (.%lTiO in- 

( lildiU'^ de\r!t)pi!)L'J , 

n; s'f//.-^-;- XX /i. l i^Dii.in Kntlik '.■S7/>0 inrlndiTu^' de- 
velnpin-.O • 

rius" til:;iN !i u:' i!^ri! m^iri pMMi- li.'Jarili; 1 1 'Ufii: i-m^ 

i,r \^!H■n thi^ .nii.a-.i ^lun :ir rMtanu U hi^^l speeds. 

10. 7.7. /C -.'//'/; m; k.isnn.iu Kodak (^'kOlj iTieiihl 

i r)^; \ ipi n-4 i . 

i il!;;- umt k li.i^ \h ' !! d^.:s' '.v.'i!! ( mImio'I If u hiu"; iihns, hut 

t h' l i- ,M . ni uu p h^ : in." .. Sf r . o - \ W. ■ • * ■ 

( / i.Ji'i^i.j; /'qui jnnf >;f 
\]\i\r' \\).\\\\ ili!h;rnt l\ju->{jl 1 !;h : i n,; ' f jui pr; !ciu tint 

!f M^ikt 1 ^houhl eol 1 ^^lU ^ I !- '"^ l-^f-tl ch'tiia , 

P /\'.' = Iluth^. \\\- ovi-i lo.idiu-^ thi* hl.uurMf. \:iv !:i-h 

I .uid.h- !'M\wi h ilhs .iic lined uhii h make p(^ssihh' ev^a^ hisi 
t{;,,v |: ^ 1 ^( sPLiruM si/i' .uc nn il :1 i!je ci: ■ ^ ' li is 

a. f.i^' ■i'\)<. :iu; Si)Mif ii!;n^ ind (.unc! l^ ^'U-airf; tke l.n»4er si/r. 

/^/.^,'•-?^ liM- iiullH>ijd Mfit-rroi.: natT ^e- 

u. , ■ ; !■ , \-. : : h ; w'- !(■ ot .! h i ..i : = : 1 I !].in t h ' n ir Ti m>. )t ] ■ .i'- 1 f v j 
{)., 1 f ; ; .- . i . i" * !* '^'(s n>t;<>, i'- \'\' .v-»^k uil! he d-i'ie 
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in (;nc place. Kvcn then, it v;ill he found that the small reflectors 
with rubber co\ere(t'e4=fUn})S can very easily he adjusted onto chair 
b.u ks cUid easels. To a\t)id shadows at least two difierent light 
Munees should he used. 

J), Miscf'llaricous Material 

The following list inc hides other niaierial which will be needed 
or init;ht l)e added to in( lease the usefulness of the ccjuipnient. 
The list will meet the leciuiienienis of a teacher who is making 
silent nu)\ i('s and sh()\\ing ^heni U) single classes. l*V)r (*xaniple, die 
projec tors arc not the best for sound projection or for auditoriums 
that seat very larjie crowds. 

1. Projrclur. I'ilnio Master Film Diplomat ($1!)8). 
Kodascope G (^I3r)) , and Bolcx CMf> (.$210) . 

2. Severn, Vov classroom use the best screens are the rear pro- 
jection screen (S)50) or the glass beaded screen (Model li; 30" x 
40"- S^.^^^O). rriiese quotations are from the Da-lite Screen Co., 
(;hicau;(). 111.) If the classroom teacher can obtain a pn)ject(jr with 
du attached screen that pulls out on extc*n.sihle arms in front of 
the lens, he will find it the most useful tyjK^ of alb because it can 
be used at a nioiiient's iiotic e in broad davli^ht. 

3. 'rifler.s. 'Fliesc* are alsi; useful ft)r inexpensive, extremely 
( lose u[) \'iews. 

■}. t'dUnig (■(jnil))ne}it, .S[)licer. "Kdicabiiiet." viewer, cement, 
leels. and humidor c ans. 

Mask"^, For trick efTects. 
^i. /'\\frd eha?nh(') To make it e.isier to (ham^e fiom one type 
of fdm lo another. 

7. l\'ipf''(iff aff(i( Innrnfs, For profession.il iiansitions fiom 
M eiu- to S( erie. 

Filler'^, Vtw ( on!iu!l:ii<4- li-^lii .uid (o!oi>. 

'rrit''}(i nriii dollw A tripod is necessaiy fo? .d! sluits: a dollv 
IS used to (ollf)\v .!( tois in dram.uic sIkus. 

/ {i^hl yr}t frr Absoliucdv necessary. Sec* Weston and (ieneral 
I'*le( trie's. 

11. fxha If'n^f^, lor spcti.d piu'poses. I eleplioiM and \vide 
nv^le should be the first additions. 

12. Lens rxtf'^rinyi\, 'Wj make niiiiosii^pii piiturrN ( h.eaplv. 
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13. Electric nioluis. To make shots longer than 30 seconds 
without stops. 

14. Electric tivie lapse outfit. For extremely "fast nn^n" r^" 
pliotosraphy. Most useful in biologv. 

ir>. Optical finder. Vov advanced work. 

1(). Drawing board, black and white cardboard, razor blades, 
scissors, black poster paint, paint brushes, thin wooden and nu!tal 
srrij)S, thumb tack.s. paper tasteners, black and white ihnnul. etc. 

III. Tkchnique 

There are four useful techniques for homemade mathematics 
movies: (1) moving charts, (2) cut-out pictures, (3) individual 
drawin.G;s, and (4) direct photogra|)hy of machines. 

^ /}. Movirig Charts 
Since sto[vphotop;raphy (i.e., using the individual exposure but- 
ton) is slower and gi\'es poorer results unless the photographer ha^^ 
had a great deal of experience, the most satisfactory way to produce 
moving drawings is to tnakc cut-out cardboard figures that can be 
pivoted to turn and change s\\:\pv while thev are being photo- 
graphed. 

"Whv/' \ou mav ask, ".^o to the trouble of making large, com- 
plicated, and cuinbei^ome animated models and tlien take motion 
pictures of them? W'hv not use the models tiiemsclves?" The an- 
swer to this questif)n sums up the advamages of movies over many 
(not ain models for moving illustrations in mathematics teacliing. 
p'^irsr, films are smaller and therefore easier to transport and store; 
second, copies can be repioduced more cheaply and in unlimited 
(piantitv. bv usimr the same tedmiqiu* of i eprodu(*ti(m regardless 
of the model being reproduced; ihird, snme exj^eriments or illus 
ttations are diffimk to optMate because the apjiaratus is tempera- 
mental or nectU long pi ('j>ai ai ion ; tounh. modrls mav be changed 
in s./e so t!i;)t mici o'^ci)pic a( ri(ms rn iv be siH)wn to many at oncf 
or huu'e m.ithiiies mav [)e brought into the classroom to be 
.in.ib/rd pan bv pari: ami fifth, scenes can be ir^^ed that are distant 
from the ( l.issi.Moni or available onlv (cnain tim(*s of the vear. 
"Ihi-sc H-a^ons ffU [M'o(hu ing the films em[)hasi/(^ the supp!enuMi- 
taiv j)inp(>M' . films' thev aie \\n\ in i ended tn leplac^' tt Iniwj 
hm to enr i( h it. 
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[ \\c i(j|!Mwiii;'^ |{Imk v\ ill !):■ Jrsi lilird as 'Mu^M'.uifMis nf tlic use 

1) I.inc \:i1iicn ni n i^Piioiiici ! ic luiuiion.v 
: ll^ ( ic-dUU'i I it t • Mil iiuiity iHu^l i .ilcd hy an.^k' incaMUTniL'TU 

'.'»^ t »rnc],i!i/c'(! clflinii ion of a i.in^nu. 
!■ I 'Miib pTuhlrii's: fsjuu Inllv ( \"( !nid, cpit ye!- mcI, ;uk1 liypo- 

1) l.i/if I'nhn's i)j '/'njj>}i(u/irn ic l''u)i( linfts 

i lu- inllo\\in4 six ^cis of cli.i:;raiMS sliow the ctfccts (l<\sirt'd on 
!lu' linivhrd fdin: 
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' By placing C un A so ihut ii pivots at point A/, and attaching D 
to C so that it hangs from jjoint K, and then placing B over the 
lower half of the figure, we get the following figure. 




Ttindit 



I Weight 



luiiiing i!u- h.iiullc liuui W{\ to rigiu increases the angle 
posiiivclv il)i(iu;^h the fust two (|iKidraius. To make the figure 
tnr ihc third ami t'ouiih (juatlranu Luni Ii over, covering the upper 
h.ilf (M- Lh(^ h-ure; K'l weight IV hang over the top of ilie drawing 
})().iul I'l whi(h the caidboaid is attached so that it can draw the 
(liiilfd hiu- \ii)\vard. 

.1), f (n' X. Ihe iipiHi pait t)f li is sliced down one-half inch 
'Ai jH.ints /i. .S". and / : m) thai a sliding bar l\ can be moved 
l,.i<k tiid fonh t!Mt)imh tlir points. Change piece /) to a solicMy 



nm ■liiii "-^ w-gwif yi 



E 

a 



ttj!ui<'«i pu«r siiii^i i: ;n ( t n. s: i ik 1 mil. t!ie fhs( tju.tdicOit let 

I . r /■ ^;!..u I'-.M .lu't ^I'H^ ^ .Old V . 1 i-^iMt I. .ibuvf. As llu" 

AW'^A iJuu iMA. dec itMsL- IN;- .nMMiiPi f'i' d«ated stfii' M slujwing 
t I un; . .[ i :u di.^ j .lui > ^;lK^^ imic thf i o>ln(* dt { reading from 

) 1.. O, li^i :':( sc: - Mid {jU.idl.iiK 1 < \ M ^r Mir dliri M lO of piCCe h 

'li i: s'm-/. ihi.ui./fi ^1,,^^ !; .md s \\ -y the t\>d -ind fourth 
^jU..doa:l:^ iw-'r- />* iij'^idf (Imvwi. -ird, un. the d:.Mtd line 

hi.' .11:1 !■■!!!. i ■ ; I ^. ! ■ .1 i fs!i^ 'P 

; V. , V M .i |--; • ' / 'J'. ! ! ! ■)( 1 c^:)* ^idc In! m 

.t i.ii.^. !if r-. ^ i' . 1 sp M.l fill- iulfi.il s:d«. of tiic angle bv a 
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for the second and third quadrants extend the new dotted line 
across the circle to make a new solidly colored initial side. 



0 



(d) Tan x. Similar to the secant, 

(e) Csc X, Make piece G, sitnflav to piece F in Figure 2, for 
a lioii/onial tangent, thus: 



([) Cot X, Sinnl 





r 


> 






iir to the cosecant. 






> 





ili) ir(unnri)ic Contijiuity Illustrated by Angle Measurement 




B\ inatiipuKtiinji; itu- woDcicn h.indk'S of paiL I, above, in front 
(if i)ait fl, v/c <^v\ \\\v f()!l()\vinf^ SfCjuciKc: 




ERIC 



Motio7i Pictures 



335 



This shows that, with proper iq^aul for the sign of the arc 
length; all these thcot'eni.s are covered hy the single statement: An 
angle bclicecn two lines cutting a circle is measured by one-half 
the uim of the intercepted arcs^ 

{'^^ (\ennalited Definition of Tangent 




Point 7* is free to turn and to aUow the bar li to slide through 
it. liy ktH'ping the P' end of the bar on the curve, the secant PP' 
(whidi rests on a {)in projecting upward through bar B) ap- 
[)roaclu\s the liniiling jM)sition o\ the tangent. 

(4) Locus Problems 

The C)c l()id, epicvcloid. and hypoc s< loid are fairly easy to show. 
l*or the cycloid slide B from left to right across A, placing the circk 
Q at the (orrect spot so that the cirde ap[>ears to trace out the 
t vcloid, as in (.*. 



L_.,,. 



Similar (k'\ u is woik ior other Un us [)inhlcuis. Also see seuion 
H L\ pa'j,c yM'K loi iJihri us lihns. 

li. Cm iiUt Mi-ill is 

(1) The Area of a Cnclr a.\ the I .unit of a Polygon 

First make a heavy caidboaid cinU' about 8" in diameter, and 
two sets oi ]eii;ulcU j)ol\goTis of tlie riglu si/.e to be inserted and 
cin inns( libed foi the i^iven circ Ic, the hist set being black and the 
other sei brown. It \sill be foup.d sulhciem in make [)olvgons in 
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eacli set of 3 to 24, 32, 40, and 48 sides. The following sequences 
are suggested to be photographed: 

I. Inscribed: 3, 4, 5. 6, 7, 8, 9, 10, 11, 12, 13, 

14, 15, 16, 17, 18, 19, 20. 21. 22, 23, 24, 32, 40, 48 
II. Circumscribed: 3, 4, 5. 6, 7, 8. 9, 10, 11, 12. 13, 

14, 15. 16. 17. 18, 19, 20, 21, 22, 23, 24, 32, 40,v48 

III. Inscribed and Circumscribed: 3, 4, 5, 6, 7, 8, 9, 10, 11. 12, 13, 

14, 15, 16. 17, 18. 19, 20, 21. 22. 23, 24, 32, 40, 48 

IV. Inscribed: 3, 6. 12. 24. 48 
V. Circumscribed: 3, 6, 12, 24, 48 

VI. Inscribed and Circumscribed: 3, 6, 12, 24, 48 

VII. Inscribed: 4. 8, Ifi, 32 

VIII. Circumscribed: 4, 8, 16, 32 

IX. Inscribed and Circumscribed: ^, 8, 16, 32 

X. Inscribed: 5, 10, 20. 40 

XI. Circum-scribed: 5, 10, 20. 40 

XII. Inscribed and Circumscribed: 5, 10, 20, 40 

(2) Line Parallel to One Side of a Triangle 

To illustrate the theorem A line parallel to one sia oj a triangle 
divides the other two sides into proportional segments when the 
"other two sides" are incommensurable, the following serie.s of cut- 
outs is used: 




The darkened part of the triangle shows the amount of inaccu- 
racy in the approximation; the inaccuracy decreases as the unit 
of measurement is made smaller. 

(3) Cones, Cylinders, and Spheres as Limits 
By making plaster models of cones, cylinders, and .spheres and 



Motion Pictures 



337 



by gluing lo.gcihci sheets of tianspaicnt plastics to make pyramids, 
prisms, and polylicdia which will fit over the plaster models, and 
then proceeding as in tlic pictures of polygons circumscribed about 
a circle (U 1. page .'535), we ai)pr()afh the solid figures as limits 
of circumscribed polyhedra. Reversing the process and making 
cones. o\lindeis. and splieies of tianspaicnt plastic mateiial. and 
plaster models of inscribed pyramids, prisms, and polyliedra, we 
get the curvilinear solids as limits of inscribed polyhedra. 

(A) A rca under n Cunw 












[=r~: 









On Figiuc 1 plate ilic sci ies of ciuouis showri above, to illus- 
trate the fiindanicnuil rcasotiing of the integral calculus. Be sure 
to allow enough time in showing each figure so that it can he 
comprehended. Do not tiy to make the picture a j^liding progres- 
sion from one area to the next. The same ty{)e of selections 
should be photographed as suii;v;este(l in H 1. pa^e X^^). 



C. hidividmil Dynwiii'^s 

If the large amount nf ch^inge in a diagram makes moving 
models impossible, ilu;' .stanb}aid\} h)llyu*ood le(.lnu(pie of making 
manv similar diasKlngs and phoiograpliiug them conseeuiivd) to 
give the effect of hioiion may be used. 

(1) Dimensions- Poiyil In JJ^u: to Plana to Solid 

I'his fdm is intt ruled for elemeritai v gcotiietry to slunv tlu^ three 
dinunsifmaliiv oi ucniiK in. or cts a begirming of a diseu.vsioti of 
iion-l' iu lidean ^eonj>tn. oi u;ennu iiy of more th.m three dimen- 
sions. "I he sc{|iu-m r Incjks souietliing like this; 
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(2) Conic Sections — Ratio Definitions 
St:irt with a poiiu and a line thus: 




I'ind ilie lotus ol a pmnt niovin.u,' so tfiat \Uc raiio of its distance 
from t)ie [){)iru to ii.s distaiue lo the line is i/,. K aiul 2, lespec- 
fivelv; lijcttiMi: the Inllowiu!; resuhs: 



CD M iC 



1 r ■ 
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(3) Wave torms . 

Arrange cut-out letters on a sheet of cardboard with faiiu ver- 
tical and horizontal lines for guidance. By moving the letters up 
and down, transverse ^vavc motion is shown; by moving them 
sideways, longitudinal wave motion is shown. 

/). Dircd P}i()f()p(if}!\\ 

(1) C(niic Scclio)is—(Uay l^fuirs 
With a knife rut four clay cducs in this manner: 



and show the results as the four conic sections. 

■i 

(li) Coyiic SrclioriS' - flashlight 

The conic seeiions are illustraietl by shining a photoflood bulb 
with a reflect jr on the \vall and taking mo\ies of the pattern as 
it changes from one angle to another. 

(3) Conic Sections — Mn iKUiicdl Conslriu tion 

Actual scenes of the su ing. V ^'j'.i.ire. and triangle coirsti uctio?is 
for the cijcle, ellipse, paial)t)la. and hspeibola arc e<isy* \o phnt(>- 
graph, 

(4) l iii^ninnnrnu I' )i ?h /ii))t - . I j'j^ln afions f)f T i iii^ouoDirtry 

Take phnif)giaph.s t)! ihe ost illnsi ope an<ily/.ing sound wa\es and 
of the iUlion of peiululuins (simple and (ninpoiind) tracing out 
I urves. 

[:)) Sl(i/is/i( (il Coru t'f)/s 

"Di.st ribulif )n" i^ ilhisnaiid h\ lia\ni-_;. tor c\aniph\ 7") b^>\^ 
who ai'.' lined up ni alpli.ibt i h j| uidci iiU- iiiId a l'uu\uinn be- 
hind si'^ns whii li stale iIkmi liciuhis ■ ^'lu". cu . . l he bi^ucst 
gn)up steps l(Jn^ald to illustialc "niJuU-." I)\ paiini'4 \\\r tallest 
with the slioiti'st siu (csmv rl\ alon^ llir Inu' tht incaninu ot "me 
dian" (an In* sct-n. ()ili< i Mcas lioin >i.ttis!ii,d tt iiiis lollnu casiK. 
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E. Coloicd Slides 

A scries of projection slides illusLrating "Geometric Shapes in 
An, iNatuie. and Indusiry" on Kodathioine film has been started. 
Ahhough this io|)ic- was first treated in a motion-picture fihn, it 
was tound that tt-aiiieis place the eni})liasis on a diireicnt place 
in the subject ai^id so resent the automatic control of the tir^-- 
ing tliat a lihn demands. As more and more examples are cc- 
lected, the [n'csentaiion of tli,e subject can be adapted to the time 
of year, and to the age and interests of tlic class much better than 
if a standardized film is used, llie chief difference between this 
and the preceding topics is that iht^ Mcr^^'opticon slides arc in- 
tended to increase appreciation of mathematics, the films to in- 
ert a.se iuicierstandin_u; and insight. 

solid shapes — triangular prisms (both equilateral and right 
angled), sqiiaie prisms (parallelepiped, square plinth, and cube), 
hexagonal and octagonal prisms, triangular and square pyramids, 
corn})lete spheres and hcniisphei es. regular ellipsoids and ovoids, 
cylinders and circular [)linihs, and cones; and the plane figures — 
ciiclc and its parts, semicircle, sector, segment, arc and chord, 
the ellipse, the oval, the parabola, and hyperbola, and finally the 
polygons, the triangle (right-angled scalene, right-angled isosceles, 
acute-angled isosceles wiih no light angle, obtuse-angled isosceles, 
obtuse-angled scalene) . tfie (|iiatlrilateral (rectangle, square, and 
rliom[)us) . the pentagon, the iiexagoti and the octagon- -are 
illustrated by hundreds of examples of shapes in the world about 
us. I hink of seeing elliptic cc\gwlicels in a iiia( hine, enlargements 
of hrxaijonal sncn^-flakes, S(juaie piismatic (iNSials of pyrite being 
minc(i. an ovoid disappearing inH) a rake as the familiar (\gg, the 
spiled patterr^ of siuiflouer seeils oi: the plant, or of sea shells, the 
parahoh'c flight of a lemiis ball, or ( ai toons of rhe }")lanets moving 
in elliptic (ubits .ill in (olou-d piiluirs. M.in\ (jiIkt examples 
ha\-e been ( nlle( rc (l lioni (juesli(Mniaires .sent out to s( h(;ols. 

1 \*. ToiMCs lOK MS 

I. (.I'-niiriiu (ioniiniMjs 

A- M. i^Mi' 1 ; Ml n .{ ( .1. !r - III \ J p. .-^Jl 

2 l.iniit *l*h'*^rr^l^ mi CM.nu iTA 

A. Aroa of Cm If s .is I iinir i)f I iis. ol --d T"! \ »iis .sci-lll H I) 
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)\ Atr i r)f Cndr- .i^ Lililic uf ( uiHS( I PohKuns (sec III B 1) 
C. Ail. I <.f ( ;r.l( .1. Limit of In.scrihed and Circumscribed Polygons 

I) •• \ i;n<- i-.a.i!!' 1 om* side i)f :i liiangU- divides the oihcr two sides 
{MT III U 2) 
. -nr .1. [ imir ol l^Nuniicls (sec 111 U 3) 
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13^ Nfap Projections 

14. Principle of Duality 

15. Symmetry (Axes and Points) 

16. T lansfoMnaiicHis of Coordinates 
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V. Proi^hkciks I'Ok tmk Future 
(A) Developments in Sound 

ju.>L as cNciy illustration in a Ix^ok .should have its title, so each 
of iliese films should have its own sound track carrying the simplest 
and shortest explanation. Just as we often look at an illustration 
and see more than is called to our attention by the sub-title, so 
these films should be shown aszain and again with the sound track 
discomiened, and with the instructor giving newer and deeper 
interpretations of the illustrations in kecj)ing with the increasing 
mathcnuitical inaturiLy of the class. 

I* urther developments in sound may lead to increased interpreta- 
tion of the figure by the arrnuipanying sound. For example, as* a 
figure increases in si/e, the volume of the voice describing the 
action might inciease with it to suggest its growth. Again, if two 
ligiires are being coinjiared alternately, it will h.- helpful to" have a 
man's v(;ice and a woman's \oice give the alternate descriptions 
successi\e!y to furthci contia.si the properties. 

A musHiil at ( ompanimcnt m a tlNuamic iiK-^du'iuatical filni may 
serve to .strengthen the relationships between its parts and prop- 
vnivs. but theie is so nuich room toi argmnent over the proper 
music for iiut-rpret iiig geometric u/Luions that such experiments 
will be (ompletclv accepted onlv ])y thosf^ who make them. Never- 
theless, I should like to see made a mathematical movie that has 
lis apprf)()naie S( ()ve wiiiten to develop in nuisic the relationships 
that are shown in lines and plancvs/Fhere have been some attempts 
ro use the "prettines.s** of geometric: forms to accompany standard 
nuisical com[H)siiioiis. but this j)resent appeal is for music w Jch 
shall bo subordinate to thc^ marhc^niatics of the figures and yet 
shall strengthen them. 

^li 'i Dfn'clofnncnls tn Color 

\'.\( )\- maihematics UMcher knows the advantage ol tracing in 
'.n!<u yxne [)ait of a figure to make it stand out as a um*t without 
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<iL'iliu)in^ ilN iclaiioii^iiif) lo ihr if^^t ()\ [}\v diagiain. Iniaginr llic 
advaiitagcb ha\inn the coloicd lines appear, disappear, and 
cliaiifTf cdIdi ill^lamly wiihout iiuerlfi in^ hands, /and as (juickly 
as die debiripii(jn ut ihe h^me pioceeds. uidi as litdc ettort as 
diawint^ a point on the blackboaid. Aj^ain. imagine the advantages 
i)i a rainhou' ot e(;U)rs lading into one another to show changing 
rehuions; allowing typei» oi lines, direction ot moiion. description 
by voice, desciiption hy prinieil lahels. and (cdnr lo ^upJ^leulent 
each other in die desci ipticni. 1 he gieatest danger in (he nse 
of coh)r is that it will he nsed lo I'XCess toi the puiely beantilnl 
efiei ts of coh)red, nio\aljle geonietiic fignre.s, Beaurv in geometry 
is de.sirahlr nntil it aitiaits so nnuh atteiuion thai it detracts 
from the teai hing of lac is and u latiuns that the fihn set (jni to do. 

((.'j ^rfn rf''(lifnc)i:si())ial Movies 

I here arc two c:hief wavs of making three dimensional mo\ ies 
at the present tiou;: the (olor fillei mediod and the {)olaii/ed 
light method. In the fiist, a led [ut tni e and a bine pu (nie (»l the 
same subject aie made on the same him. 'Ihese views aie taken 
uidi two lenses as far apart as a peison'.^ two eyes. <.r sli^lith 
blither, \\'hoe\'er \ic\\-.s the nii)\ies looks ihn)ni;h colnied glas^t> 
that allo\\ eat h esc to see (ml\ one ol die im.i'^es on the scieen. 
theiebv gisiii'^r the impressitm nl tin cc diiiu iismns. Hu" (Whci 
method uses pol.ni/ed light Uj supply eat h evf '.s ith lin- n\o dit 
Urent images. 'Ihe lW(j pittnit-s (omC horn tfie ^( i c ( n ^jii li'^!il 
wa\es pol.iri/etl in pel pendic ul.ii jj|.iU( s, .md dii^ tunc du ■,;!a^^^ ^ 
f hat I h<.- \ iew ( 1 Uses .11 e 1*( ila o U( 1. w h u h li I o ; ( Jii ( ok pu ; i 1 1 1 s oi 
the same iii. inner as the tnloi-hheis tliti i)t loir. 

All tlMcedimcnsiMii.il niuviis m ivii iliiis hu \\.\\{ intii 
si t ai'^lu h )i wai d pu seni.ii mns ol i lot c ^innc-usjoiril o!;|c.:s heh.i\ 
iolj: in iiic iiNuai u.iv jr \\i)uhl \u- Ik Ip! nl fn nuke a si i u ol tihn^ 
sliou ur^ tile li'^iii c s o[ M il id M . )im 1 1 \ f »ui ;il 1 1 ij. : ! lemscU es up 1 1 om 
disinteiji.iied j)i»inis. liiHs, .mil {>) iiit s. .»i s.'hiwni'^ h*.;mts taking 
t liemseU I s .ip.M I. ]■'( >r ( \.mi j )h . .>. ; ! i.nuiii 1 1 pi ism ( onid scp.u .ite 
it>elf inU) fhifc Mruuulai psi.mihls, .i hrx.r^on. il pw.imid (oultl 
sepai.iie its( h Mi;o h.iii tiruiuui.u [Ai.ijihds. ni the liiiui iiicoiems 
•^C'e III 1) : louhl dd noiisi i .1 f cd bc.imshllK Ml I :i 1 c e ( i 1 1 1 leil ■ 
sion.d iihuv 



ERIC 



'i4i Eighteenth Yearbook 

In adcliuoii lo Liuc4o-litt; cituioiisiiaLions of solid geometry, 
it would be inui''bUn.L» lo make gieatcr use of the peculiar ad- 
^■anta^c.s ol nu)\ing pic tures c)\er oulinary nuKlels. In plane ^ 
L;eonieiiy lilrnjjwe u.sed li^uies which Uianncd Nhaj)i*, poNiiion, and 
inloi without, (h.stiat tini; paustvs oi nuisidv aid. ihis (ontiuuous 
and .'iwilt 6U( c c*b'>it)n ol illu.siiatinn^ i.^ htsi cnouL^li U) kcej:) uj) with 
a .spoken descripiitJii, or e\en as iasi as liic ih()u;^ht processes that 
au' tle\el(;pinn ihe itle;i. llui.s no nine is loM ciaNiiit; pictures 
fioni the l)la( khoard, c hannin^ lantein slides, en holding up illus- 
traiions, hccauM* ilic i Ihisi i ai ions au<l ihou^lii nunt* siin^Itane- 
(Uislv. Kccj) tlu'sc ;id\ anta^cs in thi cm* diincnsional films and also 
let thern dc \elop ini;ii;inai ion in their (nvn medium. For example, 
try to suj^^est lour dimeiisional figures usueJi as the hyper-cube) 
bv m()\inn iliu-e dimensional fi^urcvs; or use movies to show 
niiL isei ti()ns i)t solids moving ri^ht before your eves — the solids 
pa>sin'4 ihinii^h one anodur and the iruerseetion standing out 
bi igluly like a halo. 

\'l. I "si IN 1 in-. ( a.As.sko^ )M 

(A > (I -^\ihstii\Ut' for a l^rooj 

1 he EiMcher slit)iihl not L'Speti the hhn to iU) teaching for 
him. 'I'lir j^wlinf ofily (ui }U\i\ir(U'un} , and should be used ex- 
ai ilv in the same wav as a [)i< line in a book or a wooden model 
held tip betore t!u* (lass; the ordv new featuie is its j)ropelty of 
nirMinii. .Sunt' ih" luii<Lmunial pitini^e is in'i («» vvastt- time on 
hbns when ninijon is nni ;tn e^MMtial p.ni tit (ht aiuinnriu. we 
ha\e in ilusi' [)i( tines an (ntiieK new ispe u\ lUusiiative ina- 
letia! wliiili \\\\\ imi icpla<e ttachiu'^ btu will bioaden an.d sup- 
[jU nient it. 

*l he ^ame hhii i an \){- used bn mans jJiiiposcs: inio hUk tion of a 
^ubjt ( L (Apia nai Imi; . i cv u \v . t n icsi i n-.z. I" oi t xani ph*, in i JS( iissing 
brif vahies the ii a^ !irr \MMild sa\. "It \\v h t the ladius rotate, 
vi)M (an s{ ( rb( on; \ due (»1 the ' iiir im leasi- lo 1, then (le( rease 
thiMii-!) 0 I.) 1 , and iniallv a nn im rease to U. I < t me show you 
\\\\.\\ 1 nil .ni ."' 1 h{ II r iif ii hn ' fa^i n-^ a bnni ! w o in i nines) is run 
off a nd t M( ( \ pi o iaOon po k 1 1 ' U \\ i ! i no moi r i n 1 1 a in nt ion thnn 
the ht^lduu Mp "t apiitutt (.> \'m dia\sin_;o! adiagiam. .\gain. 
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as rtvifw this time, ihc instructor iniu;ht say. "You rcmemhcr how 
the line-\.ilues of the six luiKtions look," and then run Qtt all >\y 
parts, (about 8 niinutesi as a (juit'k rc\ icu\ A.^ain, the paits c an 
used as a test, the clas!^ being askctl lo wiite the values of the iune- 
tions ot*0',<)0\ I80-, 270 \ 'M)-- as they otcui ior r.uU luihiion. 

Kaeh fihn illiistraiion should be piesetued with as de- 
tailed eeiemony as jx^ssible. Theie should be no apjjeaianie n{ ;i 
show or entertainment; it is just another, new way of getting; at ross 
a point that is difficult for some to sec. Ideally each classioom 
should iiave a permanent prc^jet'tor and screen and libiaiy of 
tlie films that are to be used more than once. It is too murh to 
expect a teacher to send away for iilms for teaching weeks ahead 
and then not to look upon their use as something of a novelty. To 
speed up the actual projection during the period, a student should 
be trained in the use of the projector so that the teacher can ask 
for a certain fdni, have it shown, and then go on with the class with 
little interruption. Naturally this ideal {)lan nuist be modihed as 
the budget demands, but it should remain the ultimate goal in 
planning for the classroom use of films. 

(B) Xot Try to Tell a Story 

Ton often fdms are made pretiv by using Ib^llywood (echniriues 
of closeups, symbolic pic tures of gears, hands holding moiK^y, or 
meaningless rotating triangles where these ha\e no j)la((.^ no not 
attempt to rej^lace all former mathematical ilhistratiruis with 
n\yiion piciines. Unless i! is impossible lo do so. movies should 
not rej)Lu(. actual models \\\ solid giometrv. real trips to the bank 
to sec how our rmaiK i.tl sy>tc-m udiks. ac tual views through a 
telescope to see pl.mt'is t hanuiu'^ ilu ir positions in their orbits, 
the os( ilh)S(ope anrl pendidum :is haniinnic- motion, patterns of 
sn{)wll.jkr>. A n)ii i oscnpr. (ir l.iws of the le\er and simil.ir 

i 1 Ills! v.ir ;■ >n><. l\\ .il! nic.ms um uuaus Im" tlicse realizations wiicn 
lime mu^i br cf >n' ui> ; /t-d ui wlun thr m tu.il nhjetis aie tor) ex- 
pt ns;\ ' . ' ! w ic, • n 'm- • i ir .i w a\ mc. 1 .r! i hrni hillil 1 'dua; t iwii 
iu'.\" and j.i iiii.ii s(a\i«c ( ■ i i!)Ui ni mnfiiin to i 1 i n^l lat i-'Uis 
that t } it 1 1 ill -^a . 'a ^: id^ - »l ai bur at ! ua t K ia\ dt-ad < a i i lie 

[)a.:eN nf a b^n-N. 1 )r\cl'>j^ :!iis nc w t\ j>e i>l ii!usM ati \ e ma!ri ia! and 
extend : !>< m i !m u b < »l ' a* ii i i la b( \ ( >nd i]\r\\ pi i s(air be iimdaiies. 
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(;K()MErRlC S'lERKOGRAMS AND 
HOW rO MAKE 1 HEM 



Walter I\ Shenton 

Thk coiNKi) exjMession "geometric stereograms'* is used as a name 
for plane (irawings of a space figure produced in two colors and so 
executed iliai whew \ic\ved through a pair of bi-colored \'ie\v'iiig 
glasses, they gi\e a \i\ id pi esentatioii of a real space figure. 

It is rather common knowledge — subject to very simple checking 
— that the appearance of a near-by object in three-dimensional 
space depends on the fact that each of our two eyes sees a different 
picture of this object. One can easily verify this fact by setting 
a pin vertically it; a drawing board and marking on the board 
the j^laccs \v'hcre the pinliead seems to be when viewed by the 
right eye with the left eye closed, and vice versa. The aggregate of 
points, lines, and planes in a sj)ace figure fo;-ms with the optical 
cenicr ot each eye a rather (omjjlcx peiu:il of rays. The plane 
figure fornu'd by the lines and points of the intersection of such 
a pencil with any plane, not too greatly inclined to the general 
direction of the pencil, will lej^lace the entire pencil formed by 
the space figure with respect to the viewing eye. If we can now con- 
trive to get on a single backi^iound plane the sections of the two 
pencils of rays formed at the optical centers of our two eyes and 
so rc-^ulate the drawings that each eye shall see only the section 
whif a btiouiis to it, the effect will really be the same on the eyes 
as that caused by vieuing the oiiginal solid figure. Of the many 
methods of accompli.sliing this sepaiation, one of the oldest and 
sini])hsi j)r()(iuces sucli exielleiu lesulis when used to rej)ro(luce 
gcouutiii figures in sj)ace that wi* explain it lather fully in this 
article. Tor the readers who may tare to follow the historical de- 
\rlnprnrm of this type of stereos( r)pic iepicsentati(m leference is 
n)acle Ix Inw to a pieuf)u.s ani( !o by the author [1]. 

If yf)u look througli a red glass at a red drawing on a white 
s)i;er. the led fii;Mie will (Vjinphtclv disappear in a red back- 
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ground. I'his saiiie figiuc, when viewed tlnough a blue glass, will 
appear as a vivid bhiek drawing on a blue ground. Similarly, a 
blue drawing (the shade will lia\e to be chosen caiefnlly to match 
the blue glass) will disaj)pe;tr when viewed through the blue glass, 
but will appear densely 1)lack through the red glass. A plain white 
sheet, when viewed ihiough the two almost complementary col- 
ored glasses, one ovei each eye, will assume a light neutral color. 
This simple color prin(:ij)le makes it possible to draw the sections 
of the point-j)rojeciions ol a sjMce figure from each of the two 
eyes in a color complementary to the glass used over that eye for 
viewing the stereogram. As a result, the eyes accept a sharp black 
>;pace ligure instead of the conglomerate red and blue drawing. 

For the {vist thirty years the author has been drawing three- 
dimensional figuies by using some very simple applications of 
ordimuy orthographic projections. In the j^ast five years he has 
been working on the idea that these figures could be produced 
by high school students in connection with their study of solid 
geometry. Recently a number ot tests ha\e been made with such 
students, .ind in each instance, after less than an hour's instruc- 
tion, satisfactoiy li^uies have been drawn to the accompani- 
ment (jf the greatest enthusiasm of the young artists themselves. 

In ouh t t'> make these iiu'ihods a\ ailable to other teachers and 
studems we sliall piesent them heie in this order: (1) a resinnil* of 
tfie principles of ouhf^^iaphic piojection^ — with apc^Iogies to the 
te:i(luts «)f mechanical (hawing; C^) the solid geometry valida- 
tion f)f the methods used in makin,L> the steretjgiams; and {[\) a 
sinij^le bill detailed e\[)ianannn ol (he methods actually used in 
m.ikinu ihe lines, inc ludi?)^ ihe la\oin of the drawing hoatd 
and ihe (uIjms nctessaix foi the hesr leswlls. 

A Ri^iMi Ol WW V\<\\i]vi\\ in ( )k I nf>oKA!>iiu: PuojicnoN 

I he on liM'^i aj pi ^ » jc u ions ol" a .sohd eoi^sist of the three pro- 
je((i'ins mI' ih.it s.ilni mi ihicc niiituallv perpendic iilai planes,* 
The MiiimiiiU p'lint ol th( iliiee plain is called the r)rii\{}i, (); the 
ihw e mnliialU peipindiiui ir lines in which the pi iiu's iiueisc*( l 
in p { i: s air \Ur t funJijuih- fixf\. ( ) \ . ( >)\ ()'/. 'I he \ iew which is 
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the projection of the solid on its base-{)lanc, dcsigiuted as P or 7', 
or on any plane parallel to it, is called the plan or top view; the 
projection on the plane between the observer and the solid is 
called the front view (we shall call its plane F): the [)i(:)je(ition 
on the other plane, called S, is the side view. The actual relation- 
ships of this method of projection arc shown in an isometric draw- 
ing of a regular tetrahedron and its thiee orthographic projections 
(Fig* n '.The plane XOY is the "to{)" of the "box" on which the 




Figure I 



tetralu'dion is pKjjei i.ed. IMane )'()/ lies beiw^ cn ihc obst-iver and 
the object, and plane X(JZ is U) the left of the observer. To save 
(onfusion in the figure, the projeiting phuies of the single point 
B fiave been diawn in plainly, while the otlier prc^jecting planes 
aie oniv faintlv niaiked. The plane HBt 1^x1^8 passes through B 
pei pcndii ular to the planes XOY and XOZ, paiallel to YOZ, 
th»erefoie perpendicular to the line OX; B Br f^y i> similarly 
perpendicular to XOY and YOZ, paiallel to XOZ, therefore 
pet pendic (liar \u OY: while B B^^ Bz /Jy is pei [)endicu!ar to XOZ 
and YOZ, parallel to XO}\ therefore perpendiiMiIar lo OZ. 
It will b(* noted that rack n{ these plants contcuns the actual point 
/{ of the snlid and tlu' piojeitifins of B on two of the coordinate 
plains and that t!ie six traces of these plaiuvs Tshown in dot-dash 
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lines) in the coordinate iplancs are perpendicular to the coordinate 
axes in pairs. 

If now we were to dispose of tlie tetrahedron, cut this figure 
along tlie line OY and lay it oiit in one phme as In Figrire 2. we 
would have the layout of an ordinary orthographic projection in 
3 single plane. Of course, the line OY which we have cut apart 
will occupy two positions 90^ apart; but if we join the intersec- 
tions on one of these OY lines with those on the other bv means 
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of ([uadraiils oF ciiclcs with tlu.ii (ciiuis at (J, wc show how the 
three scitions are U'Knai when (h.iwii in one plane. 

Lei us suj){>ose, now, thai we wish to make ihe^e {^rc^jcclions 
without the intermediary of such a space-drawing as we have in 
Figure L l or simplicity, let us place one base of the tetrahedron 
in a plane parallel to XOY; the projection in that plane will then 
be the urulisioncd view of a single fa( e of the tenaliedion together 
with the ihire lines which join the veitiees ol this ecjuilateral tri- 
angle with its centroid. 'i'he fiunt view and side view will then 
have the base plane lepre^iited as a line |).nallel to OX and 
located at a touvenient hei.L^ht; the veiiex will be located on a 
line paKillel to this ba^e line and at a di.^tante to the alti- 

tude of the ietMh( (iion ;i!)nve it. (1 he tea( her will appreciate 
the nintivaiion whiili this iwidrd (ompiUation will offer to the 
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siiulfiu.) I.i-t us lunv tr.uc tlic route of tlie jircijoction of a singlf 
puim lir in ilic to]j view. Its projections will lie on Brlhl^F, on 
lif ii.x lis. a?ui oil y^.s liy, li,' .iiui the piojectious in the side and 
from views will be Bs By respectively. The other three points arc 
similarly projected by means of lines perpendicular to the three 
axes; their projections and the lines joinint^ them form the side 
and front views. Vou will note that these lines correspond to tiie 
similarly marked dot-dash lines in Figine I. We liave arranged 
our projections so that the top view and side view are placed ver- 
tically on the sheet, with the top view above the side view. This 
plan conserves space in making our coiiuuonest stereoscopic pro- 
jections, as we shall see later. y 

Drawing a few of these orthograj^hic^projections to illustrate 
the earlier theorems in solid geopnrfry will, in itself, foster a cor- 
rect idea of the meaning of/tTTc space relations and will shortly 
diive the student into voli/iuary confeience with his teacher of 
mathematics or inec hanici^ drawing to find out how to make 
various oblicpie sections ^f iiis figures and similar problems of 
(iesciiptive geometry. ' 

/ 

Mki lions OK Drawinc. Wm.ida ifp uv .Soi.in (;ko,\iktrv 

Now that we have learned to make the top and side views of a 
figure, let us examine and validate the projections necessary to 
make its stereograms. In 1-igure '^ we have a sketch of a set of 
t.'iiee pianos used to explain this projecticm. It shows how we 
make a stereogram of a figure which is to appear as though it 
were a model standing on our desk. In j)lanes S .nul P you will 
see the sitlc view and plan (plau is an easit r teiiii to use tlian top 
ficw) of a scjuare-based light pyramid AHi D-V. I he observer 
is sujiposed to be behind ihe pl.iiie to tlu' \'v^\n. with his eyes 
.ictuallv in the posititions R Criglu) ami /. (Itlt) in a line EHL" 
parallel to pl.me /'- .md luiuc to line ()\ ;md perpendicular 
to plane S :it /• , He would then look down on the jjrojections or 
on the "model." If wt toiild join the points li Awd I. with the 
pomt r of the a( tti.il model, ihe two lines ihus obtained would 
cut ilu pLuie I> in the two points V .md V , wliit h ,iie the desired 
projections of V for the two eyes. 

Obviou.Nk it is too niiiih ,isk ih.u K( li,i\e .iii ,k iti.il physical 



Geometric Slcreogranis 



model for each })iilurc we wish to make, so wc shall have to inter- 
pret this spate projection in the light ot* a corresponding plane 
projectii)ii of some sort. 'l*hc line which joins V with its projec- 
tion T' in P is ohviously pel [UMKlicular to plane P; so also are the 
lines which join and R to their projections IJ and li\ These 
three lines are then parallel to each other, A single plane will pass 




iluun;^h }\ Awd \' M\i\ iticii' pinjfttiMiis (jn l\ and it will *.)c pti 
pcndit ut.ir /' sr* ih.u iis piojcction on }^ \\[\\ he iis iMie 
in ihar pl.inr. .iiul i \Mtl he sMinc\^iu"ic {)n H'V': .siniilaitv I';, 
will lie sonu'v^ h{'H' (.ii l.'l A;. mi. hnrs l.Rl. .nul IT", hein;^ 
pel pt-ndn ul.ir tn pljiic S. .iu* p,iKitK-l: heme a plane [)assiiif4 
ihw»U'4h R. / . aiut I \^{ujl(i i in plani" -S" in the siiai^hi \\w 
and the plane /' in f V/'. {'/•/• is pel pendM iilai t*) ())' al ilu' puini 
/ \\ hii h is ih( pi nn ( 1 1 Ml I ( »t / ! 1 ( nn A mi O) m i he plane .S. 11 le 
\\\'n pi()|e( (iMiis / ; .111(1 r.-; iniisi lie in iliis j?tane: heiu i* thev must 
he Unand \\!uic \Ur (Mfc nf this j)l.i!ie in P mecis the twn lines 
/rj'' and / 1 s (!.ai pi:;ic( liiMis of any pifinf 
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not in [)laiie /^ Iroin the two eve positions L and R onto the plane 
P may be found by (1) drawing lines li'V and L'V in plane P 
or (1!) finding where these two lines are cut by a line perpen- 
dicular to OY through the point Vr where cuts OY. All 
points which lie in the plane P will be projected into themselves; 
that is, A, D, C, and I) will remain A, B, C, and D under the 
projection. If now the points A, li, C, 0, and Vn are properly 
joined ^^iTTfa blue pencil, and A, B, (I, I), and Vi are similarly 
joined in red, we have made a stereogram of- the s(juare-based 
right pyramid wfiich, when vie\ved through a pair oi glasses, red 
over the right eye and blue over the left, will give a single black 
{)yranud in space when the speciac led eyes are in positions R and 
L. This is thet\pe()f piojecticjn which \*uiberi [ti] calls horizontal 
and marks // in his' beautiful brochure. 




*lht' filler pnjj((tiun is liiat wlndi is made p'^:nnst. a vertical 
h.K k'^i f Jiiiui. h .IS would be needed il the pi(tuies are to be 
[hroun (Uilo .i sc u-i n .uid siewed by a class, l-'igure 4 is a sketch 
()[ the ilin-e pl.iiHs >ei up lor the denionstialioii of the validity 
of this p:i»jr(tinn. In ihis uu)(lel the actual positions of A and /?, 
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the eyes of the observer, are shown vertically above the' marks /^' 
and IJ and in a line passing;' tli rough perpendicular to the plane 
S and therefore parallel to the plane l\ The discussion here dif- 
fers from that of ihe pievious paragraph only to the extent that 
tlie plane on which we are ])rojccting is not one of the {)lanes of 
the orthoj^raphic piojcciion and the traces of the projecting planes 
are* therefore a network ot lines at right angles to each other in 
the plane of the screen which is peri)endicular to the planes con- 
taining the {)lan and the side view. The figure used for demon- 
stration is that of a regular tetraliedron and the projection for 
the ri^ht eve is .shown in doi dash lints, while that tor the left eye 
is shown in solid lines. In diis projection the observer is facing 
the screen and the image will usually lie between hiiu and the 
screen. 

Practical DKKAn.s roK 1)kawin(; (ii-.oMKi kic Sri:i<K(K;KAMs 

Before we give the actual dinien.sions and layouts which have 
been found con\enieru in making stereograms, let us face a few 
practical facts. The blue and red glasses of which we speak are 
made by d\eing the gelatine film oTi lantern-slide plates after the 
silver has been removed. The dyes used are those of the Kastnian 
Kodak Comp.uiy m.irkeied under the names "cycUi A" and "ma- 
genta B." These (hes aie also used in making transjiaremies for 
lantern slides and imbihiti{)ri prints of stereograms. Those inter- 
ested in this phase of the work are referred to the proper Kodak 
manu.il "Sj. A set of picruies for fifteen solid geonieti\ ilieoiems 
have been ^aiheied together by Dr. Breslich of the Tuiversitv of 
f:hica^o. I hey are fuimshed wiih viewing glasses called "Ortho- 
scopes." l- \tia '^l.iNses aie ei i i^ed for sale In tht- publiNlier^ \ \\, 
rhese ulas^es u.Aerse the idIoi^ we li.i\*e used and that fact must 
he taken iiuo actounl in makiiv^- the drawings. Making s»eieo- 
'^rani^ pi ( suppf ^scs tlu' .i\ .iilal)ihi\ of a chawing board, T"S(piare, 
tiian-^les. and t!iund)ta(k> or SdUih (li.diin-^ i.i})e. I**al)er\ Mon- 
::ol k({i aUfi .\ror?^i»l l>!iic 'il"! ha\e been foiiiul saONfaitoix 
pcan lis f'»] making" (hr di aw inu^. 

"1 h<' [uojrir'-in 'AC :m\c fnu^id nioNr i'ltei eslini^ foi siiideni use 
is the 'Uic in \\lii(h ihe ir^uu" is \a<'\\e(l as ihou.ili it stands in or 
is sUNi'tiuhd .djM\e a Ji.iii/niiial plane; that is. as though it were 
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a model standing on a desk or suspended above the desk. Figure 5 
shows a convenient layout for the lyoper righi-hand corner of a 
dra\vin<; board laid our for di awing on ordinary x 11" tyjje- 
wriier piipw, which is less exj^ensive than drawing paper and serves 
almost as well. Along the right-hand side about a half inch in from 
the edge is the rye Hue. At the very top of the board, drive in a 
small brad or a j)honograph needle at the point marked E, About 
7 inches further down on this line, drive in another brad for R 
and at a pupil-distance (about 2.4 inches) another fur L. At about 
15 inches below /•: draw a horizontal base line across the board. A 
line j)arallel to f'RL and about 8 inches to its left makes a good 
guide line for the front of the dra\^'ings. The sheet of paper may 
now be placed in a j)osition ab«ut an inch over the guide line and 
about an inch lower than the base line. The T-square should be 
long enough to cover the sheet, but it will be more convenient if 
it is short enough to clear all the brads. With the board laid out 
in this fashion we commence to draw a stereogram. 




li^iit pii.MH a!i(l have [ilaccd j)l.iti with it.s front points on or 
nrar ihc vcuhwl v;ui(lc hiu'. I lie side vicu- sljLiWs-six -points, B, 
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turned o\cr will serve — pressed againsi as a pivot, draw liaes 
toward the left fioni each of the points of the phui which arc to 
he piojei it'd, like the solid line AA, Repeat, iisinj^ ii for a pivot, 
j^ctiinti lines like the dotted AA. Now use l\ [or a pivot and project 
( the sunilarh niaiked |)()ints in the side v iew Onto the base line. i 
"^-Uraw veitical lines fro^n 'these iruerseetions with the base line, 
like the (lot-dash and the inteisections ol the three bnes de- 
lerniined bv the same point will give the two projections for that 
point. Pioper joinijrj,s of these points will complete the stereo- 
trran:. In (!ii^ skeuh. the riuht-cve fiL^uie is dotted in and the left- 
t'\e fi^nrr N .sobd. It \«ui \\\y>h to ha\e your stereoL^rani lettered, 
son will havf i.^ piojett the linle rc( tani^les in which you wish to 
have the Ictteis a tedious bin not impossible job. In this type of 
pi(jje(tion. the tii^uie in the base iilane forms a part of epcl' pro- 
jet riun. and should fhcieU)ie be traced with both colors. If you 
follow lUc^c diictiions arid then color your two fif^ures to maich 
the ^Ia^v•s. snii will see a fuie right prism when you place your 
di.r^iain on \ou' dt-^k about eight inches ^roin i!ie edge and Hf- 
teen intlu s bi h)\s' Nour eyes. These dinienJons are soniewhat ar- 
bifiaiv and tiiav be changed to suit your cot.venieT^'ve, but they 

pvpiu'f ni'f li^mcv W'e n'( ojimienrl pi ickini^" iiuersec- 
li^Mi'^ thinu;:;i mu a (Kan sheet ol [)aj)er or card ar ' '^-uting the 
.!)i.i:;'d \\:\! ^ mij this sheet wiin a sheet of [)i ess b< ''M. m a sheet 
:;{' p!ifr ^! 1-^^ iMnh nuMt!) lo a\()ici the dejjressions which pencils 

m iM- jj a smIu i bat k is used. These depressions will show as 
si: !-»vv traits (At;- if t ht- (> ih ii s and glasses are [)erfettlv niatched. 

i ' • h- 1 f adf ! - •vli' . \\ Inii to m.tkc ( ban > b n- veri i( al \ iewiiig. 
\M j ifsfiii l iwiui (.n this tncthod in l i^ute (i. To chet k this 
fi /m:? . ^.'ii \-.;M ' i\r |(j inM\.f i!U' r\r hf>r It? ilic i iiilu i\vi(e the 
IfM 'ih ibr ■'"/w //»;/', f«ir !l w.)s im;)'issil)h* to int hide it in tlie 
ji -in/ ■.;( r 'M. (h i. Ill :n (he (hawing. 1 h.c cxc lit.r shouid bt 

' ' ; ; V. . ■ 's { I ' ' . ^ ■ in ( t n : IM M( s a u a\ ! i ■ ui l lu- m ) a ti Ivir. i he 
. - 1 = j I - , M , i :\ !!}.!! ( »1 a 1 ( filial t ft i .ilwdo m wii !i ( nir i-d'j^e in 

.- ; ' . n iM'i . It 1 :m h. »i i/«'ii!a!, \it'^e(l louu a [)oini 

'/ .\. :]r. :■'/:](■ I Ut s'(h- virw is immi-^ic' abo\{' ihe 
[.••»: ! » -'lis [ .) . I I i ai .iM . ' i{ p! .>}(■;■ jMiis \\\\\] /• , / . and R 

. , : ' . {> t r.i I \i . a ; ^ ; I ^. I ( i ! j \\\if l U« 1 ' i sr Mir.t sU l ill lent s { 1 (WU 
. • . ■ ' ' • • • • • ! ■ ' • • ■ - ■ 1 ; ; ! 1 O I ^t ei 1 f'( 1 
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around one (quadrant, so as to \)v ox\ iha right edge of the screen. 
I lori/oiHal and vertical lines arc drawn from these projection 
marks on. the two cciges of the screen, and the intersections of 




RASE LiNt 

; oi i ;h|)uiiding lines give the points of the stereogram. The line 
B(i is a part of each colored (iguic* with A' and D' the two pro- 
jected points lor the lighi eve and A anci J) for the left e\e. Of 
((>ursc. [Iii.s ^l^uu» \\ill ha\e li) he set up vertically to a[)peai 
pi'o[)criv. 

Il UMuld lu- luost unfair to the re.ideis not to wain liieni fhat 
'aIhd r!:e\ si.irr t{j di avv gcf Jiiiet i ie st^a (■> )^ranis. thev t^nteiin<^ 
im*' a li'ini •)! (le^^:lptI\^ .wi. [usi .in ue fain a ir.ii >.p.i( c 

r;it)(if! mio vaiious poNiiious to oljt.nn the hest \ie\s' of it. we 
iini^! !)t idMtrnt to si. lit a ni.»ie ot less ( orn [)i i( ated li'^aire inanv 
;:nn *^ t:) oht.iin ni'»si ta\i)i.ii)le rcsulf. It is the auilioi's pi m 
^iM'r;l\' to [):rs(nt a |)oiiio!i!j o| >:< i e(r.;i.ifns (j( the inosf n<'r(Icd 
!i^M)<s m S'lhfi ■;e'aii(f:\. iij^<i!uv with an aniplila aii»)n (^f these 
diH't (mns .Uid a sciies ni prf)()leirjS fo !ie projected. "1 he .s[h)nsors 
•'■\ M\n-'0(?k uill l)e iiifoiMied when, wheie. ami if it appeals. 
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THK SrKRF.()(;RAP}l AS A rEACHING TOOL* 

John T. Rule 

1 ii(n;(.M uiK H)\VKR oi the ilnx'c-diincnsional pliotograph as a 
ttMchiii^^ tool has lung been known, its full utilization has awaited 
an adajuatc ineihod ot projection. Such a method became avail- 
.iblc with the de\elopinent oi inexpensive mateiials tor polarizing 
lij^ht. The full pojj.sibilities of the medium, however, are not yet 
realized by many teachers who will be eager to use stereographs 
when they realize that the rhree-dimensional picture is a great 
deal riioic than a flat pictuie with a pleasing- .sense of depth 
added. 

It is iiuponaat, theieh)ie, to leview the diief advantages of 
su( h pic tures. 

l'ir>t. the flat picture is fixed onlv in diieclion, whereas its 
tiuee (hinension.il ( ountei^part is iixetl in ^i/c\ shajx-. and direc- 
It is iheieloie mca.suiahle ui thiec diniensions. I he cUmen- 
sion ol depth is leal .md visually obvious, and m-ed not be inferred 
tinin per.spet tiu". I his is a great advantage in teaching suc h sub- 
ie( IS as solid geoiuetiv, anaUtical geometiy. astronomy, naviga- 
tinn. and (jvst:d and atomic structure. 'Ihc [)r(jblem ol seeing a 
,iat (haw iiiL^^ oi putnu- Sf>licily is iiumediatelv elinunaied, Tliree- 
tlnui-nsirinal diawini^s tor stjlid geomeiiy and plii)lograjjlis ol ma- 
chines and ni.icliine paU-^ foi piactiral mechanics illiistiate tins 
advaiua^e. I'u itiu'iinore. tfie accurate measurement oi depth is 
.ib^iluteh.- rssenrial in such sciences as aerial mapping, 

.Second, (he '^tei e()S( opic: jjuiuie has nun h gr^'-iUi separation 
p')\\rr ih.m the flat pntmc. In the ordinaiA photogia|»h of c:om- 
ai (fi A\)\).u at us wuh manv inchMchial pai rs j)auiallv obsc uring 
e.K h Mihcr al dillrieut depths, il [uajuemk is iiiipcjsstble tn dis- 
I Mi-uish between the par is. '! he tluce dimensional ( oiimcrj)art of 
(he s.une pi( tuie will m.\ke the entile paiteni i le.ir. 1 think of two 
^ood t N.miples lA this (jualitv. i)\]r is .i stricMs( opir dmwmg of an 

* \<i )■: .( ■ t.: ^s < f J , , • 
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icoStihctlioii. I'lnin ilic Hat jjinuu' tlu- stutU'iu is unal)lv to couiu 
the iunnl)i'i ol tacvN. I)UI \\v (an (io so fioin ilu* .solid ])i( 
turc. I lu' ollifi is a niciiiic' takrn in a (lu'inical latxnannv 
wlu'ir it is iinj)Oi taut to know tlu* nunihrr ol glass tnht-s used in 
an cxf)ri iuu-ni. Tlu: nuinhci •)! luhc^s ( an easily ( {)inu<*(l in i In- 
solid i)i(tinc and uol ai all in ilic flai (nu*. 

'rJiiid. die ps\ I holooi( ;d appeal of die slei eo^i ap^h is inin i .U 
tremendous and lias an unusual pi isisieiK e. It captures the liilei- 
(*st ol (AcniMie. 1 lieie is an aotlietii: saiisFac ii(»n in the (pi.diu 
(.)f d(*|)lh \vln'( h is diiii( nil lo explain hut ne\"ei liiele>s e\eu ise^ an 
cnoi inniis [)o\\ ( 1 (All al leii I ii »n. lii is is a \ ei N ual and nnpni Mill 
plienonienon. Snidenis \s ill look at tliiee dimensional pieiuies 
lon^jf alU'i theii imeiest would ollieiwise }ia\e (la^^ed. I'lniliei 
rn(>it\ with each neu exju'iieiue this iiiieicst will letuin with iis 
oriu;iTial lieshne'vS. 

This (ju.dil\ is ol the uinmst impoiiame in lea(hinu such ^en 
eial subjects as ^eo.;iapliv and liistorv. 1 he dej)!h interest of 
stereographs niak e.^ rj^u' suhjeit matter [lesh and real. This is w'h\ 
stcMfo^i aphs oT tnps .nound the \s*oi Id ha\"e alwavs h.id a <4ond 
market. 

rhcM' ad\antaLM*s lo-^c thei w ith aae(|uau* means ot piesenialiou 
will make the si ei e(>^i .tp!i r\nemcl\- etir(ti\e and pMpuhir \\ 
tea( hinii; to« d. 

It siionld he nieiitifnied tiiat. s( ieni ifu allv. the thieedimeii 
sioiial j)hot()'4Mph li.is ahea{l\ i oiiu- imo iis own. hein^ Niandaid 
wlieie\ei depth i iums n i emel i ; s aic- made. "I hus in .in i d phoioj. 
iaph\. laiiL^e fmdou- map making, and X ia\. m.inv i . iMii>heaird 
ma( hines aie in n>e loi* iuiei pri": iiu and me.i>nnn-j: dcjuhs m 
thiee dimensional pluMo^i apli>. 

(!e!iain!v ilic rc^he! wImj h-t> no; inv oi in d i^n> I: rid !n e. 
do sf^ if) his ad\aTiia'j;e. 
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AVAILABLE EQUIPMENT AND PRINCIPLES 
OF USE OF VISUAL AIDS 



M Richard Dicklrr 

Thk ruRPosK of this aiiiclc is to indicate briefly the various types 
of visual aids in current use, the apparatus necessary for using 
each one, and a working technique for teaching with visual aids. 
It will concern itself with visual aids that are comparatively 
new to mathematics in the sense that few of them deal di- 
rectly with this subject. The development of content material 
for each of these sevcnil aids offers a new and valuable field of 
endeavor to teachers of mathematics. Once the content is estab-- 
lishcd— and appropriate content for each of three purposes is 
needed: lo motivate interest in mathematics, to enrich the sub- 
ject inatiei of mathematics, and 'O provide specific instructional 
materials-- it becomes necessary to decide what type of visual aid 
is lu-.^t adapted to the particular rnateriah This description of 
available \i.sual aids will be helpfal in clarifying jthe problem of 
choice. 

C)PA(^CE Pictorial Matkrials 

Drscriptiou. Opa(juc pictorial materials, such as photographs 
and illuhiraiions on post cards, from books, magazines, and simi- 
lar sources, are numerous, easily lobtaincd, and relatively inex- 
pensive. .\ single picture is frequently more efTective than a 
lengthy desci ij)iion. The main limitation of these pictures is that 
they rati be seen by only one student, or a small group of students, 
at one time, unless theie is a sufiicient luunber for the whole class. 
However, this difiici.!ty can be overccnne by using an opaque pro- 
jector to ilnou tl;e picLures, if not too large, onto a screen. 

Advanta\:^es and Disadrnnlai^rs. The opacpie projector has cer- 
tain advantages. It will project, by reflect "d light, any opaque flat 
DT nearly flat material, such as drawings, graphs, or diagrams, and 
M\y written or tv[)ed maierial. such as lists of examples and prob- 

m 
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Icnis. h will icpnxiucc color on tlic screen. U is extremely simple 
to uporate. 

It is possible" to buy a coinbiihuion projector for c)pa(jue mate- 
rials and J" X V standard j^lass slides, "iu" diangc fiom one 
to the o[\\:r type ol' piojedion can be made inst mily. By means 
of suitable aeeessoi ic s. this eombinatitin pr()jr( ior can also be 
adapted lor tlu" piujcriinn ol 'J" s: L'" ^lass slidis and ,r) nun, lihn 
strips. 

Heiause tlic oj)a(pif piojcnlor, however, jjrojiets by icfle(tfd 
rather than iKUisniitled lit^br. inuLh of the liiiht is lost. It is. 
tlieri'fort\ Iu^essaIy to ha\c' the room tliorou;j,hly darki-ncnh 

Ancalu'r disadvania^c is that ttu* opacpic poijiiini is laihci 
[>ulkv in .shape. '1 his is not a sriious eoirsideration so far as porta- 
})ilil\ is ( oiu ri ncd t.u( aUNf i hr m \\ ta muiK'U air lighter in u ci^hl 
than tlu- (jldia <mcs. 

1 in- ill A^s Slant' 

nfffin}}. 1 hr ^la.ss slicli is \i('\v('d <a projected by tians- 
nultcd li^lu. 

1 hr outsidr diim nNiMjis u| ihc siaiidaid .Amoviean \\\ iss aie .'l j'' 
\ \'\ I \\c siih s;.uid t:d !_!" \ ulass sHdt* is al>o bcin<Jj usi'd be 
causr ii is .s()!iu'\v iiai Irss t \pt'nsi\r to piodu( c and retjuiirs less 
spaif U)\ sioia-ji'. I hr snullfi s|i{!(\ h')\s('\rr, dUris Irss surf.K c 
on vvliiih f<) and nniNi br iiiadr m{)U' taiftullv. i \\c L'" \ L'" 

;^lass slidr inusi be nia'\ndird imuv- di.iiiu'UMs than the larger one 
in nulta in {»bi.tiii .\ v< ui 11 in:ij.t '»! !li<* s.iiin" si/r: i Ini <"l' n dc 
frc (s in \\]r sMiJ 1 il l slhir ss ill bi ( oiiic mon- .ipparmt . ( )i lua Miin^s 
bi in^ ('< jiia I . i I u 1 II br M i( essai \ n j use a n n )ic p'<)\^ u I ul lamp 

in I he pT' » |{ I [ I Ji \u I ii .1 'J" ^ 'J" vlidi' \n « )bf .on a s( ) rt'ii innijr n( 
I hr s.onr si/{- .iiid ! m M • 1 1 1. .^^ 1 1 1 i ; » >bi n it d ^\ 1 1 ! i die • ' \ I " 

sbdr. 

"I he *.!;d(' 'isu.ilb" imumsIs mI iht- billowina iirmv -a- the 

'^bl.sS pMlr ')l "l!i(l liutrii.il (MnUlinil'J: it"* SUbjrrl \n br plo 

j(Micd: bi I lo mask (jIF a piiiinc a., no kn^ci' thai^ the 

apntnir (»I tht- juojcttwi {{)\rv 'alassts to jMotrti the 

[)i(iUU" suiia(<*: -d bindm:,^ Lipr fo bind tn^^ rhiM tlu* srvaaj 
pans .j| liic s:id<"; .md a iIiinnbiiMik ti> indnan* pmpta 
[){)sifinn n\ ilir sm«1c' \slirn plaiffi in ihi^ piMj(*<tni. 
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Sources, l lie slides may be made by the individual who wishes 
lo use iheiii; or may be obtained tinounh loan or sale tioin numer- 
ous distrihutiii"' agencies. 

I'hc Photographic Glass Slide, Phoiograpliic glass slides arc 
made from negatives by contact printing or enlarging. 'The photo- 
giapliic slide is merely a positive iniagL on a piece of glass coated 
witii a liglu sensiti\e ciiuilsion, just as a print is a j^ositive- image 
on a piece of paper coated with a light-sensitive cnuilsion. The 
neees.sarv uicUcrials for making photographic slides, with instruc- 
tions, may be purchased from any of the several companies pro- 
ducing photogiaphic materials. It is j)().ssible to tint these photo- 
i;iii])luc: slides by means c;f water colors. 

(ilass slides are also made from [)ositives on film of the nega- 
tives. The positive is mounted between two pieces of cover glass 
foi" piojeiiiunv 1 hr Ut hniquc is the same in both (ases; it is 
onl\ the ivpc of maierial used for making the positive that is- 
diffc rent, 

77/c / Idndnidflc (ilass Slidr, Hy a handmade glass slide is meant 
,\ non-photouMphic slide. Wiiling or dr.iuiir^s for projection may 
be j)lat( d on sik h media as clear glass co.ited with c lear shellac, 
ttihid gl,tss. or lumaiith. I.e.ui [jcncil, tnloitd pencil, Indi.i ink, 
or coloicd ink m.iv be used. 1 hese slide.^ may be mounted in the 
nsu.il m.mnrr, oi li tluy au hM tcmj)(»raiv use onlv. they may be 
nn^mued tcmporaiily or not ai all. 

Cellophane will take India ink .uid cm also be used for mak- 
luiS, iKindincUic slide s. It is pai i ic idai l\ s.uislac toi y in making type 
wiiucii slides. Simply j)lcUe a sheet of ( el h tj:hane of the proper 
si/e mto a fulded slicet of caibon [).ipei- and then tvpe onto the 
ic'lli>pharie thiou^li the carbon. Rcmo\im^ the ribbo!i will pro- 
dme.i better iniprtssi()n, I he ( < lhjj'!i,iuc slides cm be mounted 
pel uunciit 1 V oi rempoi,n i!y. 

Slides ni>iile b\ j).istinLi; ( ui outs o!" o[),i(pu' p.ipei oiuo oidinary 
I o\ { r i;-|ass olfer i nU'i est inn pMssibiliiies, \\"lien piojfcied onto the 

ifcn. .1 silhouci (e clbu t is obi.'incd. 

Mf'fhnd (if (\f\ 'I he i^lass r can be \iewcd bv tiansinitted 
li'4hr lor indiv idual use oi [)H)]uir(l bv tt cUismii ted lit^ht onto a 
s( lecii fni -oiup use. St.n](l,nd ."I j" \ slides an- piojc-( U'd by 
means ot U j" \ -P' slide pioje( (uis and the sni,illci L'" x li" slides 
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by li'' X 2" projct tois. It is possible to adapt the 3 14'' x 4'' pro- 
jociors foi projt't ting LI" \ 2'' slides. 

Adiunitngf's and Lintilaliofis, dlas.s slides offer niaxiinuni bril- 
liance on the screen. 'I'luy uu\y he left in the projector for any 
length ot linu^ and may be used in a room not completely dark- 
ened. They may be c()n\enicnily arranged for use in any desired 
order. 

(rlass .slides are easily made by the indiv idual who wishes to use 
them. 

I hete cUe. ln>\\r\( i, (eriain limitations. 'The slides recjuiie (on- 
sideial)le sir^ia'^e space, and they are easilv broken. They are 
faiiK e\pcMisi\e. althoui^h not unduly so in relation to their \ alue. 

TUK 35 MM. Fil.MSTRIP 

l)r.\( )il)ti()}i. "I he hhnstri}) consists of a secpietue of pictures on 
a ,sttip t)t ."i") nun, hini. ciihei bKu k-and-white or color, made in 
anv miniature camera usinj^ X) nun. film. I'he pictuies may he 
either of sitii^le franu' s\/x\ \]\" \ 1". or double-frame si^.e, IV2" 

Pittiuc.s made on naiurahccjloi film aie jeiuined processed as 
positives un fihn. readv for \ie\vim; or piojeuion. Pictures made 
oh the u^u.d blac k-.uul white film aie developt:fi^as nei;ati\es. from 
which ;is many positive copies on film as desired may l)e made by 
contat t pi inting. The! e is now av ailable a blac k-and-white reversal 
film whiJi, wlun piocesscd, rcsuhs in positive nnajges on the film 
.Old thus elimin;iic s [he im c i nu ciiatt' step of makinj; negatives. 

Mctliiid (if Tsr. Because these .'^:') nun. pictures are small, it is 
(lislfHiMiv to piojro. tluiu. Anv projector h)r 2" x 'J" slides may 
be Used hji the j)ur[)c)se il it is c (piippc (i with a ^'^ nun. fihnsoip 
ali.ic iinu iu. The siandaul .'li j" x 1" glass slide [)rojec toi can also 
l)e used bv fiitiui; it uith oiu' ol these atl.ufunems. 

St}}i>id i ilnist)} f,\. Soinid filmsiri])s can be piepaiccl bv taking 
A sci i( s 1)1 still pic tines on .>") nmi. film and recuuling the nect\s- 
sji\ fNpl.m.iioi \ m.iteiial on ucmkIs. If letotcU-d and run at 7tS 
r.[) m.. the ie((Mcl mav be usid on anv st.iiulaicl plionnt4ia[)h as 
I be pit ( ni cn a\ c pi ojcc u^l . 

AiL (0\hi[:^t's (Did />/s////t7; .hiiif"^. l licvse filmsii ips are easily made. 
I hf\ Mr c ( ( )r . )!m( .il io m.tke 01 buy or ship frf)m place to place. 
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They arc light in weight, and require very little storage space. A 
roll of ei;4lueen to seventy-five j)ictures may he kept in a small can. 

^herc is no danger of getting the pictures out of order, and 
there is no danger of breakage. 

On the other hand, the lilm is easily damaged because it is un- 
protected. Furtheimoro. it is im[)()ssible to vary the order of pres- 
entation of the individual pictures except by skipping back and 
forth. 'I'hesc two limitations can be overcome, however, by cut- 
ting apart the several frames and mounting the individual trans 
pal c-ncies as 2" x 2" ghi.ss slides. 

THRKE'niMKNSlONAL PICTURES 

Dcscriptiou, The three-dimensional picture, known as a stereo- 
graph, has the desirable feature of depth, thus adding reality to 
the visuali/anon. I'liis advanttige is of importance in any situation, 
l}Ut particularly in solid geometry, where many students find it 
hard to visuah/e itiree dimrnsions fioni two-dimensional drawings. 

Mr! hod of Production. There are special two-lens cameras for 
pn)(lucing three-dimensionai pictures. However, these pictures can 
also he uKule on reguhir black-and-white or color film, in the same 
wav and just as easily as- two-dimensional pictures, witli any still 
camel. I tilted with a stereo attachment over the lens to give the 
neiess.iry iwc; images on the .<iame piece of film. The him is proc- 
essed in the usual manner. Tiic \^:) mm. miniature still camera is 
paiti(uhi:!v well ada[)led (or [)i ndin iiv.; siereoyj aph^ inexpen- 

elv in this way. 

Mrfhcd of L'.sf. ror individual use. the resultini^ stereographs 
\]).\\ he viewed .rs [)ositi\es on films Ceither in (ilmsnij) form or 
iiu)un[{'(i as slides') nr as positives on i^la.^s or paper (either contact 
M/r- nr en!:oi;ecl.. ihrou;;)i suitable stereo \iewtMS. 

1 ii\ uouip use. mm. stereoi^raphs. either in fihnstrip foim or 
:ih»nr]ie(l as LI" \ 2" slifles. may be piojetit^d oiuo a screen by 
^le.ln^ i}\ [iK^jectois made or adapted ft)i the [)urpose and viewed 
{Innii^h .suitable spec tacles. 

M()rU)N PiCIl.'RF.S 

I he ir.ntion pi((nie. sileru at)(l sound, is so familiar that little 
net'd be ^anl iboiu it. except that u ^^iiould nor be used fot in- 
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siructioual purpo^scs unless motion is essciuial. Otherwise, the 
still picture will servo better and is ehcajier. 

The question of silent versus sound pictures is still a contro- 
versial one, Kcononiy and ease of production would seem to indi- 
cate that the silent tilin, either with titles or with spoken comment 
by the teacher. shcMild be used in preference to sound film where 
the dialogue on the sound track offers no distinct advantages. T 
should be kept in mind that the comments on the sound track 
cannot be adapted to particular teaching situations, should such 
adaptation be advisable. 

Tkchnii^uk ov Tkacminc; with Visual .\ids 

I'he technique of teaching with visual aids divides itself natu- 
rally into three stages: the teacher's preparation, the presentation, 
and the follow-up. 

The 'rrachf'r.s Preparalian. The teacher must consider these 
steps in piepaiing* to use visual aids: (a) Faniiliari/c himself Avith 
the content of the visual material, (b) Decide upon the purj^ose or 
purposes in using the aid — ^introducing the unit, direct teaching, 
suminari/iivn or reviewing, enrichment, or appr(^*ciation. (c) De- 
cide at what point or points in the tinit to use the aid. (d) Deter- 
mine what the students should look for during the showing of 
the material. 

Hie Prcscntaiioyi, The presentation may be motivated by one 
or more cievic es such as these: (a) by developing the need for it; 
(1); by taking advantage of the interest or [)revious experiences of 
thv students; (c) by advance assignments —individual. grou{). or 
class — based upon what is to be seen. 

The students must understand ch'inlv ex.u ilv what they are 
to look for during the presentation. Whether the points on which 
thev are to (oik entiate theii attention be general or detailed, these 
pfMuts s!)oul(l be Sj)eciric:.llv stated in sentence form on the black- 
bdaid or in notebooks. It is advisable to drill iq)i)n diffuult ami 
new words that n)av be h)nnd in the inateiial to !)e presented. It is 
also wi.se not in list too m:uiv points for observation dining :my 
one shouinir. 

If at all piiN^iblc. thr maten'.il should be prest nted inirncdiatelv 
;ifter rirveloping the poinr.s to be obseived during the showing. 
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(a) All apparalus sliuuld be UMcly bct'oic ihe j^icscntation, and 
arrangements made for opeiaiing it. (1)) It" the material is to be 
shown more than once, it is wise not to iiUernij)t by calling at- 
t(;ntion to special items during (he fhst showing, .(c) It is advis- 
able, if ii can be aiiangcd, lo preserve normal conditions by 
having the t lavs meet as u.sn.il in the legulai c lassroijni for the 
pi esenianon. 

I'hc ii^UoxC'Mj). "I hc discussion of the tihu shonhl be st. tried 
as stjori as possible after the preseniatioii is completed, pieferably 
the same day, and should bi^ based ujxjn the points on which the 
students were lo (onceiuraie their attention. At the same time it 
will be [)ossibU' lo airswer other (jut'siions aiising from the discus- 
sion and to eliminate anv erioneous iuijuessions created during 
the presentation. 

'I'lie teacii'.r should tapitali/e upon intere.sls aroused by the 
visual material and the discussion to stimulate the students to 
further activity asscjcicUed witii the luiit under consider.ition. 

If tlu* mafeiial is prest-nted foi the jjuiposc of impcUtini; infor- 
mation, the students should be held u-sponsible for the informa- 
tion gained. 

All the matetial. oi ouiv pouious of it, mav be shown se\eial 
times, depending upon the needs of the ^louj), I'.ach such siibse- 
(juem ^ho\viug should have for its jjurpose the setl!i^^ of sj^ec ial 
j)iohleurs (U the (laiiUin:^ of ( < mk cpl ioi> . In ihesc rases it is 
not net essai v to show all of the Tualerial. 

The tc(!ini(iue lu've ])ieM'ntr(l is simple and t^I^v lo follow, but 
if n).i\ mean the difrtieiKC bt lween ^u^^■(■s^ .ind failine. It reallv 

\S ol k^ 
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APPENDIX I 

SHORT DESCRIPTION OF INDIVIDUAL MODELS 

AND DEVICES 

AlUrHMETlC 



Addition (otnhinutintis. Slots .itc tut into paper pasU'd on cardhuaul. Nuinbcrs 
appear ahnvt: slois. Ciolcju tl slips an* liiscrtfd as souii as ihc pupil has had the tcun- 
!)inati()iK H he fails (;iie iii diill, lUv C()h)K>d shp is reveised aiui liie iiotLhcd eiul 
iiiscited. 

K.Uir.L UK> MOUTH 

Itidiiiduul ' M '/A in ha^iu i 'unhniatiuJi^. \\ Iumi a rhikl makes an k'vidv in addition, 
suhluttii'ii. nudi;j)litaii(jn. ur (hvision. a hihel wilh the t(Jin]jInaU(jn wiiiicii on it 
is palled on a ((^ioK'd piece of paper about the si/.e of a regulatujii noicljook. The 
( hiKI 'kcips ihc (ard in lici notebook un'.il someone else misses a Lumhiiuuion. A 
ihild mu^t ^ive all the cnnihinalions on the eaid hcfoie lian<.lin^ it U) another child. 

Al ICK M. HACH 

Sittiple and ' •nnpnund luiot^t. This incKlel. made in the inainial training depart- 
nient, shows tlic dilference in tlie \ahje uf moiie\ invested at simple interest as com- 
|iaied to comjHumd intcieNi. I he first cohunn at the extreme left represents $10 
deposited in a hank. 1 he f:i>nt rci v shows the inciease at simple interest; the back 




row, (umpoinid nuerest. Fiom left :o ri^lu each coUnnn shows the amotiru at hve 
UMi* peiinds tnnc pa^^tN, ihc diffeu'iue which wis not ^leai at fn^l hetnnies in- 



crc.tsnii'U N-.j!nh(ai:( ! :.( 



Iiinuis of ■ nH>iu \ ' (an be made on a sUap lathe.) 

K\rHAklNl-. VOU.NC 



ERIC 



i 

\ ' . 

Al)l>endi\ I \ • 371 

I'ixahulaty. Suiu* umlfAlaiuliii^ in inaihunuiiics (Iq)tMid^ lo a gicul cstcnl on 
uiuicrstaMiJins vr.calnilars . we Uaw attempted lo (oc;is attention on word meaning 
in sevcial ways. Wc li;ne ioinul ihr fiillowinj; to be the inc^^t elleetive ones: 

(n) \\ usin^' pii lines m' show the nieainitu of words, These arc selected from 
saiious'sonires and can be aiAunged as a bnlletia i;oaid e\hil)it or on posters for 
chtssrooni disphiy. 

(b) Hy using posieis designed to show the rootvineaning of t1ic wtird and its wide 
use as part of other woids in the KngUsh language. The accoinpanying illustrations 
show two such posieis. 

(c) By piinthJg the vorabiihiry of eacJi chapter or subject pn a roll of paper at- 
..lathed to a window sluide roller. *l his is hung on the wall of the dassi mm and can- 
be rolled up out of sight when not -in use. Such a list is fi.seful for ipiick ie>iews. 

GENERAL MATHEMATICS 

Picture frames. l'ranu:s for pictures. of mathematicians aie made in ihe shape of 
triangles or other gaomet<-ic figures. 

Bb.NMK K. CONE 

Tile desitrns. A bagful of assorted tiles is kept in tlie cla.ssroom. Tile designs are 
made by plane geoinetry pupils and fastened to the cardboard .s'ith oidinary glue. 

WU.iaAM p. SMITH 

The circU* in airplane markings. The wing markings of the airplanes of various 
nations {irt painted on three-inch squares of balsa wood. 1 he circle appeals to be 
basic to most of these designs. 

« WIIMW! r. SMITH 

Mtuisnrr: x-ismliiing mtU. \a}(h, fvot, and inrhrs, i'ieccs of heaw t Intli^siinc, cut 
in lengths of the inch. foot. \ard, and rod. are hung on the wall at the from of the 
classrobm. Kach piece is inl^hily painted and labeled. 

MM }'. M.MrACH 

Mrasutr: ffrinnclor of ^rt^r-rtric fif^tirr^i. Kath diild is stipplird with a packet of 
toothpicks fastened t(Y,<'ilu r u.tli an ehisiic band. These sliiks aie used lo ilhisiiaie 
the perimeter of various pl.me (igu^cs. Sufli ligures as the ilioniljiis. »:(jnaic. penta- 
gon, liexagon. and olheis may be readilv fnnned. 

\l U'\ M. HAC.n 

Arrft. A scpiaie fool, ml iiom cudboaid and m.nkrd oil inio squiire Miirhes. is 
plarc-d in ihe^funH {hr xwjni f(jr leleu-me when diviussiii'; aua problems, l-.arh 
(hdd is i^ivcn .m en\( l«>j)r coniaiuing Mpiaic iiufies nil Ironi paper. 'I hcsc are 
plated uilhin the .(irian-le. as .\ nu-.ins of ilu'ikin^j. ilie r.d( nl.iiions [jcitdimed to 
deiertniiH' tiu' aie.i. 

ALU \. M. HACH 

"Area equals ' j (b • pnuinu of thr hasr .ind ihe .dfidulc ' I . Cm oni of 

pap<M (u'l) (tmguieni iiiaii);l(s and pl.uf lo^eiber in Muh a uas as to fmin a paiailfi 
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ugnin AiiCD. The area of this parallelogram is tliC product of the base and 
the aUiiud<\ The triungle is the parallelogram» and can be expressed 
or I/. Ali. 

(1)) "Aim equals ilic product of the base and 1/2 the altitude." (Fig. 2) Cut out 
of paper a triangle CED, Cut along line AH, which bisects the altitude and runs 
parallel 10 the base LD. Place AUG in positfnti BFD, makitig a \ralleIogiam AEDF 
with base equal to the base of the triangle and the altitude equal to i/^ the- altitude 
of the triinglc. 

(c) ''Area equals ihc produit of the altitude and i/^ the base." (Fig. 3) Cut out of 
paptT a triangle EllD, Cut along line AC which bisects the base and runs parallel 
* io£D. Place CliA in position FIwi, niaking parallelogram CfED with iiftitude equal 
Jo the altitude of the triangle and base etjual to the base of the triangle, 

KATHARtNE VOUNH 

tormnUi far the area of the trapezoid, {Sec page ?72.) 

(a) "Area equals the product of the* altitude and thq sum of the two bases." 
(Fig. l)>Kiu trapezoid M\f.H out of paper. Cut along the line AC which runs 
through the center point of Eli and parallel to MN. Place triangle ACB in position 
DCIE. 'l lRspavallelogram SMAD is formed, whose area is the product of MA and 
ihe altitude of the trapezoid. But A//I is 1/2 the sum of MB ana NE. 

(b) ".\rea eipials the pitKluct of thu .sum of the two bases and of the altitude.*' 
{Fi^-. )1) Cut iraj^e/oid ABCD out of paper. Fold so that the iwo bases* /ID and BC 
coMicide. Cm along line A/.V. Place upper part adjacent lower part forming the 
parallelogram M.IPO. The area of this parallelogram equals the sum of the two 
buses multiplied by i.^ the altitude. 

(c) "Area equals the product of the altitude and tlie sum of the two bases.*" 
(Fig. 3) Cut two congruent trapezoids out of paper. Place them adjacent in such a 
W'\\*as 10 form a parallelogram ABFE. The area of this parallelogram equals the 
product of the altitude and the sum of the two bases, which makes the trapezoid 
K this parallelogram. 

^KATHARI.NK VOINT. 

Meaning of the formula for the area of a circle, A wooden box 2" deep is covered 
with glass. A rai.sed partition divides the bottom of the box through the center. In 
one side is a depressed circle (Kxhibit A, page 374); in the other ^ depressed area 
composed of 3 1/7 squares with length of the radius as the side of each square (see 
F.xhil)it The sutface of the circle (see* Exhibit B) is completely covered with 
shot which can l)e poured over to the other side and shaken down so that it exat.ly 
cmt'is the suifnce of 3 1/7 squiurs (see Exhibit A) This shows that the actual sur- 
face covLMcd by the circle is equivalent, to^ that covered by the squares. 

KATHARINP. VOl.NT. 

To/umf. A cube wliose edges are foot rulers or cut from yardsticks is kept before 
the class for referrnre in solving problems and as a means of visu.-^Iizing a cubic 
foot. , 

ALICE M. IIACH 

Geomrtr\ fjrnjrct. F.ath year we have a parents* night at which time we exhibit 
work of the pupds One \vm\ instead of i}u<.Visu;iI projects for the geonietrv exhibit 
I asked pupils to bring fioni home articles in uliith (Iiev (ouht sec any gcometr>'. 
Thr evpcnnirnt provr«l toJ)e successful beyond my expectations. My walls were 

I 
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liiifcl with dix'sses, ncckUes, shlrU, swoatcis. and all kinds o{ wearing apparel; under 
lock and key in my cupboard were cut glass dishes, silverware, china, jewelry, and 
many otiier valuable articles. Sonic pupils preferred to make scrapbooks. From these 
they discovered .geometry in advertising, in architecture, in the home, in house plans 
and household appliances, in the arrangement of foods, in linoleum, silvetw?re, 
jewelry, bedspreads, clothing, in Hags and mapmaking, in tractors, transportation, 
and in nature.' * 



MAE HOWELL 



Use of lines and angles in evnyday life. After a study of '^Geometry in Nature," 
njy classes enjoy several days, with the topic "How Lines Are Used in Everyday Life." 
In a recent class these suggestions were made: (a) Use of line in car design to give 
appearance of Icngih. (b) Uic of concentric circles on hub caps to give appearance 
•of motion, (c) Use of stripes in clothing design to give illusion of height, (d) Use of 
thick glass or false bottoms in bottles of toilet preparations to give the appearance 
of large volume.- (e) Use of lines and angles to provide optical illusions. 

IlALl'H A. AUSTKRN ILLER 

Polygonal forms. The ninety c()nvex and concave polygons are made of black 
plastic. The figures are fastened in a^plywood frame about 3' x 4' and hangs on the 
wall of the classroom. Ihey aie referred to frequently throughout the course in 
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plane geonu-tiv. The order of the- li-uirs is that assigned by the formula for aes- 
thetic mc.isurr of Professor (;co!^c I). Biikholf (see iiiixth Yearbook, Naiiotial 
Council of Icachcis of Mathematics, pp. 1 90- 1 9:3). 

Wn.LiAM r. SMITH 
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A mathematkal Christmas tre€. An aiuuKil piDjcct of the solid geiimutiy classes 
in the Rapid City, South Dakota, high school has been to make butter and more 
unique solids thnn those created by previous classes. These inclutled three penetrat- 
ing cubes, two penetrating pyramids, i\ star at the top of the tree, a cross, a starred 
dodecahedron and icosahedron» a snub cube» a truncated icosahedron and fourteen 
crystal solids. 

The spiral. *1 he maihemailcal "sea sheh" is etched on black plastic. One side of 
each right iiiangle is of unit length. Starting with an isosceles right triangle, whose 
hypotenuse is ^2" the successive hypotenuses become \/3, \/4, \/5, etc. 

WILLIAM l^ SMHM 

ALGEBRA 

Signed numbers — addition, Kach pupil makes his own scales of signed numbers 
and uses them to Uavn the rules of additiojj. For example to add +5 and —6, 
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place 0 of scale U below 5 of the A scale. 'I he answer will be foi nd immediately 
ahovf — f) of the B sea' - 1. 

KATHARINE YOUNG 



Model for t'^aching algebraic multiplication. On page 577 is a device which illus- 
tiatcs I he rules for the sign of tlu; product in algebraic inultiplicaiion. The appa- 
latus consists of a li^ht wooden bar or lever, balanceil at M, Small screw hooka 
{Vi, fa, ... , /«, . . . , etc.) are placed at equal distances to the right and left of 
M. Gnu end of the suing over the pulley has a hook (//) attached, and the otHer 
end of the siring is left free to be alfaihcd to the proper scrt v hook when a weight 
is aitarhed at //. 

If a weight is hung on a right hook (ti, etc.), the bar will turn in the same 
dirrction as the hands of a clocks that is. clockwise; a weight hung on a left hook 
/ (/,. /«. cft ) lau'^cs the bar to tuin counterclockwise. 

Ucforc making, the c\perimenis there nuist be agreement on thiee nvittcrs: 

1. Distanres on^he bai'to the r\^\\\ of A/ are positive; distantcs to the left of M 
.nc ncgati\e. 

2. Weights anaclied to tlu^ s(.jcw hooks (that is. downward pulling weights) are 
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negative; weights attached to the pullt7 string at H (that is, upward pulling weig^U) 
are positive. 



3. Counterclockwise rotation of the bar is considered positive; clockwise rotation 
of the bar is negative. 
The following experiments will show how the apparatus works. 

1. To find the product of -f- 2 and — 4, hang 4 equal weights on r,. Since the bar 
turns clockwise, the product is negative; that is, (.f-2)(— 4) = — 8. 

2. To find the product of 2 and — 4» hang 4 equal weights on Since the bar 
turns counterclockwise (— 2) (— 4) = -f- 8. 

3. To find the product of f 2 and -f- 4, fast'^n tne free end of the pulley string 
at ft and hang 4 equal weights on the hook Since the bar turns counterclockwise, 
(+2) (+4):= + 8. 

4. To find the product of 2 and -f 4. fasten the free end of the string at and 
hang 4 equal weights on the hook H, as in Ex. S. Since the bar turns clockwise, 
(~ 2) 4) = 8. 

These experiments show that the rules for the sign of the product in multiplica- 
tion, stated below, are reasonable; that is, 

. // two factors nave like signs, their product is posiiive; if they have unlike sigvz, 
ih^ir product is negative. 



Graph blackboard, A squared area is drawn on a piece of yellow cellophane, Si^" 
X 4", with black and red India ink. If placed between two regular size lantern 
glasses and hinged with passe-partout, the cross section lines may be projected on a 
hlar;bodrd with the ordinary slide projector. Curves may >e sketched readily on 
the board. In this way, a graph board may be provided for any clajvsroom. 

HENRlETifA TKRRY 

Graph board, A graph board 5* x 5* is useful when made of wall board which 
has been painted black and placed in a wooden frame. The M]uares for the graph 
are painted with yellow paint. This board is fastened to the wall with wooden pins 
50 that it may 1^ put up when needed and taken down wiien not in use. 



Graph board. One slate of the blackboaiu is ruled into two inch squires witli 
the aid of a child's yellow coloring crayon. Tht cost is relatively little. The lines 
can be removed at any timc» but an eraser does not take them off. If the lines be- 
come dim with use, they can easily be retraced. 





KATHARINE YOUNG 



MARY L. W&B&tKR 
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A aph hourd- how to pfodnce one iu "liarroi B/idgei Land'* With the aid of W 
iLMilwr |)\iiith, huh;s aie pui foratcd at (mil'-.;V.I\ intervals an a piece of blaik oiidoth. 
The wiung side of ila* doth is piiiitcd with a ciisscioss partem which serves as a 
miiihi in keeping the h{iles equally spaced. A dowel stiik adiled to the top and l)ol- 
loni, or two ukl cm tain lollcis, complete the device. When 'it is placetl against the 
lila.cklKJaul and a dusty eraser is passed quickly over it, it easily stencils a rcctungula" 
s\siem of points. 

JAMtS K. H.\viu:N 

Classroom blackboard equipment, '1 he figuie here shows a nurnhcr of instru- 
nirnts and .measuring de\ites that aie useful in teaching iifat hematics. 




W A l.n R H A UC/ 1- W'.S K f 
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Graphs. Hooke's expeiiaiem on* elasticity is pertonned \^^ilh the aid of a large 
spring Und some weights. A committee ot students performs the ex^KTiment while 
the rest of the class records the data. The results are graphed^ and the line studied, 
inttvpieted. and tested foi accuracy of prediction. 

Following work on straight line graph, a pan of boiling water is l)rought into 
class. At regular intervals a large thermometer is thrust into the cooling water. The 
temperature drop is recorded and the results are graphed, interpreted, and com- 
pared with other records* 

LAVF.RN TRIPP 

PLANE GEOMETRY 

Use of colored chalk. Relationships in familif^s of theorems may be shown by the 
use of colored chalk or Ditto ink in marking corresponding parts. 

AMCK SEVaOLD 

Congruence theorems*— usififr co/or., Colored paper parts may be use for the 
suiKnposilion of congruence theorems. For s.a.s. two equal green strips, two equal 
\eMow strips, and two red angles are fu-st exhibited. One triangle is completed by 
attaching it to the board with transparent tape. The second is completed on top of 
the fust in the older in which the steps of proof arc wiitien out. 

ANICE SEYBOU) 

Co}\i^ruehce of triangles. In discussing congruence and inequality theorems a 
model is used consisting of a black rigid triangle to which is fastened a light col- 
01 ed flexible triangle. The base of the flexible triangle is equal to that of the rigid 
triangle and is fastened to it. The left side of the flexible triangle equals that of 
the black one. The flexible triangle, hinged at two vertices, may be used to illns- --i 
irate congruence when three siiles are equal respettively. ;vs well as when two sides 
anil the included angle are equal. Inequality iheprems may also be illustrated. 

j HoFUHRMANN 

Confrruent trxan(;lrs (ambiguous case). Two triangles are not aFways congruent if 
two sides \md an angle of one are ecfual to the corresponding ^ans of the other. 
I he modrJ shown here is constrnrted of painted /plywooil and colored cardboard. 




ZRANCKS M, BURNS 



The licnd now is lo postulate tlicsc theorcniNs ttJiioR. 



ERIC 
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Triangles, Hiree strip* of wood are fastened together by small metal hinges, Thcy. 
sum of the v o shorter strips equals the longest strip, The wooden angl^ piece is , 
held in place by the weight of the two upper strips. The following may be demon' 




straled: (a) The ambiguous case in trigonometty, (b) The sum of the two shorter 
sides of a triangle must be greater than the longes'irsidc, (c) The various kinds of 
triangles. , . 

WILUAM P. SMITH 

Exterior angle of a triangle. An exterior angle of a triangle is gteater than either 
opposite interior angle, , 




Two 8" protractors are fastened at each end of the base of a triangle which has 
been drawn on painted plywood 16" x 27". ^ elastic cord leading from holes at 
each end of this base can be looped over pegs which locate the vertices of an cqui- 
lateral triangle, two right ffiangles, and three obtuse triangles. Readings onithe pro- 
tractors when the vertex is in tiiese various positions show the constant relation be- 
tween an exterior angle of a triangle and one of its non-adjacent interior angles, 
and the changing relation between the exterior angle and its adjacent interior angle. 

FRANCES M. BURNS 
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, Sum of the an^la o} a ttian^le. The sum of the^ angles of u triangle is ctjual 
to 180*. 

The two base angles of a pljwood triangle having a base 17" and an altitude 11" 
are tut uilh a jig haw and f»isteiicd uith Scotch lajK?. in their original position, or 
at the veilex of the triangle where their exterior sides form a straight angle. 

FRANCIEAi M. EURNS 

Inequalities. U two sides of a triangle aie unequal, the angles opposite are un- 
equal in the same order. 




o — 1 ' *C 

lake a paper triangle ABC with linoqual sides. Fold one side on another Iron} 
the common' vertex A. The crease wil) be the angle bisector AD. The- side AB is 
made id fall along AC, U falling on B*, L B on IB', and since /.B' is an exterior 
angle of /LB'CD, it is grei.ier than angle C. 

HARRY SITOMER , 

The general quadrilateral Four sticks not equal in length arc joivied to form a 
»quadrilatc^aal. The icsultiug figure is'Vot rigid. The diagonals arc not equal, and 
do not bisect each other. The angles are not bisected. However, an elastic cord join- 

/ . 






mg ihe midpoints of ihc successive sides fojms a parallelograra. The sides of the 
paialklogTain ecjual 'one half the lengths of the diagonals.. The quadrilateral may 
he de formed inA^two \ta>s to make a triangle in which the elastic cord remains 
parallel to the btise. The model may also be used to illustrate a skew quadrilateral. 

] M. FUHRMANN 

FaTallrlt)i^r(itds. l he following theorems aie illustrated by^the models shown here: 

(1) The di^igonals of a parallelogram bisect each other. 

(2) If the diagonals of a (quadrilateral bisect each other, the figure is a parallelo- 
.giam. 

{^) The diagonals of a rhombus are perpendicular to and bisect each other. 
(A) The lines joining the succossi\e mid |>oinis of a quadrilateral form a parallelo- 
gram. 

(f)) Two points each equidistant fionj the extremities of a line determine the 
|^)crpeni1irular bisector of the iitie. 



ERIC 
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For each of the preceding theorems the hypothesis is executed by means ol 
wooden strips y/y* wide joined witli round. hc{id stove bolts in siich.u way that they 
pivot a.t the corners. Small elastic cord tied to screw eyes fonns the lines for Ihe 
cotichwion. * • ■ 




In addition to the parallelogram theorems, principles such as these can be demon- 
strated with these models; "Parallelograms with equal peiinieters do not always 
have equal areas," and "The line of centers of two intersecting circles is" the per- 
pendicular bisectorcof their common chord." 

FKANps M. BURNS 

Parallel ruler. This parallel ruler for blackboard work is made from tlie two 
halves of a yardstick connected by links fastened to the sticks by hollow rivets, It is 
constructed on the prificiplc, and is a constant reminder of the theorem: If both 
pairs of opposite sides of a quadrilateral are equal^ then it is a parallelogram. 




FRANCES M, ni'RNS 

The gyroscopic top. If the top is passed arouiui the*class whilo spituung. pupils 
foel its reactions to turning. It iUustrates the parallelogram of forces, 

ANICE SEMIOI.D 
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l*amlU*lti^)Hw}i, il the lii.igoihds ot a (]ti;ulril;uei al bisect Ciuh oihut, the tigure is 
a {).iralieloKr«iin. ' . . 

*i*\V() Slicks aio cu')^nH.l aiul fasiL-ncd at ilicir miti-point. An clastic curl slrcichccl 
aiuumt the auts assumes tl)ti"j7(Hitiini of a iiaiallclo^iain. As the an^Ic between the 
(Ha^onais changes its position, the ii^ffie remains a paralleh)^;i am. When the Uiago- 
nuls art; pet{)(M\ilicuiar, a ihi>mbus is l^itneilt and the an^^Ics of the rhombus arc 
t)isectecl by the diagonals. ^ 

\ H. I'UHRMANN 

Pumllrloi^ranis. A flexible paraUelogiam is constructed from stick,s, This illustrates 
the theorem: if theuipposite sides of a ''juadrilateral aie etjual, the figure is* a 
parallelogram. Elastic cords joining opposite vertices show that the diagonals bisect 
each othcT but that tiie angles ait* not bisected. When the diagonals aie equal, tlic 
paiallelogram becomes a rectangle. If another clastic cord is made to pass through 
successive mitbpninis of the paiallelogram. another parallelogram is formed. This 
second parallelogram becomes a rhombus when the original parallelogram becomes 
a rectangle. 

n» I-UHRMANN 

l^ahilkloiiiram: r/g/V///y. The paialli'logiam is not a rigiti figure. It can change its 
shape without changing the length of a side. When nails in a crossbar are made to 





fu into holes in opposite sides of a paiallelo^iam, the bar lemains parallel to the 
oihtM two sides but the figtne is not ligid. NVhen the bar is attached to ^vo adjaceiu 
sulrs lo form .1 manyle or a liajitvoid with two of the sides, the tiaijlielograni be- 
tonics ligid and t.in suppoil a ueiglil. 

n. rt nuMANN 

Hfdaufj^lrs. It ihe diav;oiMU cjf a tiuadulatcral are equal and bisect each other, 
the hguie is a lec tangle 

Two equal stuks arc fastened at their nnd points. An elastic cord stretched 
through ihe ends forms a rectangle.QWhcn the slicks are at right angles, the rec- 
langic bet innes a sipi tie, 

H. FUHRMANN 
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Revtiingle, If a rrrrangle varies so ;u lo a.winne (lie »hape of a M|uaro, the diagonali 
become perpendicular to each oihcr and lesolve into bisectors of the angles of the 
rectangle. 

11. FUHRMANN 

Median. The medians of a triangle meet at its "center of gravity/' The model 
'here shows how the triangle is in balance. 





Median, Medians 'of a variable triangle with fixed base. 



FRANCFS M, BURNS 




I he base ol a tu.in^lc is painied on a pic^c of pi) wood 13" x H". Holes aie 
l}t)UMl ai ihc cMiemities of ihc base and the^cnds of an elastic 'curd arc knotted at 
the ha(k. Thi*; elastic cord is strung through a screw e\e fastened to a peg. A sec- 
on(i M)i(i comes irum the mid point of ihe base; this is threaded and then knotted 
tlnouuh a hole in the pe^ very close to the siiew e>c. When the peg is fitted into 
holes lepKsenlin^ the xerrins of li^hi. acute, iso^eies, and obtuse triangles, the 
jiosiiinij t»f a medl.iu in these tiiangles is shown. 

Mrdiaris and perpendicular liisrctots. Medians and per pendicidar bisectors can be 
shown in a lle\ible liiangle. Ihe pei p'^nditulav bisectors of two of the sides may 
!)(• lepiesciued bv {i\e^ sticks. The n^edians to ihese s;nue two sides consist of elastic 
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coids fastened lo ihc respective veil ices and iriid-points. The stick icpiesenting llWj 
pinpciulicular hisfcini to the base and ihe elasiin ctnil joining the tnid'point of the 
base to the veiie\ uf (he tiiauyi'c arc shifietl to the iieccssaiy positions by lueatMi 
of a pullev ; .1 caniajje aiian^cnient built into the base. This keeps the peipe^i- 
dicnlar bisetior in the center as iht* base changes in lengtli. As th^* triangle assumes 
vaiiiHis si/es, ilic n.cdians and perpenchcular biseclois may be shoKii lo lemain 
tuucunetit u'spcctively. 

n. tl.'HKMAN.N 

Tfiaui^le^ ahiintU'. nu'ciian. pei pentlii ular bisector of side, and single bisector. 
In geneiMl. the Iji^cttor of an angle of a triangle, .the altitude drawn fioni .this 
same vertex, the niciiian to the opposite siile. and the perpendicular bisector of thai 






side aie not the same line. The illustraiions show a liiangle with a constant base, 
the pcrpenditular bisector of thai base, a movable sMck which joins the mid-point 
of the base to the opposite vet t ex, an altitude rcpiesented by a |)lumb line, and a 
bisector of the vertex angle, assuming various or constant positions as the triangle 
changes from scalene to isosc<:les. At least six the<?rems relatiijg lo the i.s(isceles tri- 
angle may be demonstrated with this motlel. 

n. i I HKMANN 

ImportarU Imrs. Minlel sh(nving the positions of the altitude, mcilian^ani! aitgle 
bisector of a scalene triangle. .base IS", altitutle 11". The dowels u'prrscnting these 
lines are painted in contesting colois. 




I K VN(.I S M. UUHNS 
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Altitude of a tunu\*lt'. An aliiiiule of a luiiiigle ma) fall inside the base, coini:ide 
\iilh one .side, or I'ali uuiitide iltc tiian^lc*. depending on \vhclMci U)e angle ac the 
I light end of the baic is acnle, ligbl. oi ubtuse. > 

\v ' tl ' li. J UHRMANN 

AUitudc. I'ositiuus of the altitude of a Naviable triajigle having a fixed base. 

The base of a iiianj;le is painted o»i a pietc of plywood 12" \ 17", Narrow round 
elastic fortuin^; the other two sides Fcads fiom lioles at the ends of the base and tan 
l)e looped over pegs located .it the vertices of a right triangle, an isosceles triangle, 




two amie tiianglfs, and two obtuse tiianglfs. When tlie model h held upiight. a 
plninb bol) suspended fiom the vcile\ shows the position tLe alliliuie of that 
triangle w th lespett to the base. 

FRANCi:S M. liURNS 

Angles i7is(ythrd /»/ a nulr, A tiiile ha\ing a HI" iliatnen-r is painlj.'d on plywood. 
The Cfnier and a ihoid aie ni.uki-d. A ijanow elastic leads fiom the extremities of 
the tlioid t(j pei;H at I lie \eitiies (»f a n^jht tiiangle. twi> acnte triangles, and two 
ohuise triangles. When the el.i'ilic is stieuheii o\ei the pe^s, the position of the 




i.enter of the tiiclc in the dillerent kinds *of uiangles is shown. I his inotlel will als(» 
demonstrate (a) an angle insnibed in a segment whose aic is liss than a semiiiicle 
is obtuse: (b) an angle insciibcd in a segment whose aic is moie than a semicircle 
IS acute; (i) the meiiian to the hypotenuse of a right tiiangie is oiie iiaif the hy- 
f>ot(nuse; and (il; angles insuibed '\\\ tlic s.ime segment aie etpial. 



I 
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Righl an^ks iuscribcd in a semicircle. A -12" tiiclf ami ils diiiinclcv aiv paimei! 
oil iri>uoi)a. N.uiow round clastic leadiiii; fi'un llie back lluougli tiok-s at ihe 




^Muls n( ihc dianu'UT L.tn be sliculicd aiound any of ihc umun pr^b fasicnt-d on 
dutr. An |ngle insLiibcd in :i scnuciicle is :i li^hi anj^lc. The Ukus of ihu \criicL- 
o^/'tbc angles i>i righi triiUiglL-s having a given hnc .scgnunu as h^jjoicnusc 

a I nor whi 



khose dianicicr is the given hypotnuisc. » 



Meauirrmt'Tit of angles. Models showinj,' the lehuion Ijctweeii certain kinds o 
angles in angle degrees and their arcs in arc degrees are reproduced below and a 
the \op of p. 

Coiuulete ?>Ci{)^ bristol boaui protractins W* in diameter are hound to pl)woo< 
with s5nth tape. Small ten-rent protraclois aie aiiadud at the vertex of the yngU 
one side of which is a fixed line drawn on the figure and the other an elastic whic) 
can be held at any desiied position by a push pin through a small loop at the en» 
(jf the eia.siic. 
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Measurement of angles: circle. A circle with its diameter equal to that of a board, 
protractor is cut from plywood. Its edge is marked at five-degree intervals. Thin 
steel or copper rods may be placed in such a way as to form central angles, angles 
formed by two chords of a circle, inscribed angles, and exterior angles. These* cases 
may be sho\vn to merge into one another and hence illustrate continuity. The 
necessity of adding arcs or subtracting them fiom each other is also noted. 

H. FUHRMANN 

Continuity: angle formed by two 'straight lines intersecting a circle. Use a piece 
of cardbo? 'd. 20" x 10". Cut a slot from point P to the center of the circle and 




rivet two nanow baii» at O. The^u ban* slide back and forth in the slot from P to 
ihe center and illustrate the seven cases in succession. 

£MMA HESSE 
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* Theorems rcluiin^ U) thords, (ins, cejitTal au^lvs, and iyiscribed angles of a circle, 
III inock'l A, a semiciicle is made of a cluomium strip taken from the side of a 
"wietked automobile. T he full ciidc in model B is made from a piece of meial 

n0 




A . B 



molding. The edges of the metal nioUling are benl in such a way as to form a slot 
in which slides a nail heai! as shown in the black caitlboard cross section in the 
i picture for model A. Dotted construction lines are shown by means of red rubber 
bands and the usual siilcs of the figure with black batuls. About fifteen theorems 
lelating to chnids, aics, and central and inspribcd angles of a circle can be demon* 
strateil with ibe *iid of these models. 

WILLIAM l\ SMITH 

Ttinfyents to a circle. A circle is drawn on a piece of plywood 15" x 20". At tiie 
center of the circle is fasienevi a wire which is bent at a right angle at the outer 
extremity of the radius to form a tangent. liy pivoting the wire through the center 
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this taiigeiu can have Its point of contact at :u\y point on the circle. The movable 
tangent and a fixed tangerit which is painted on the plywood arc scaled in bands 
of contrasting color one-inch wide. The model is -used for demonstrating the follow- 
ing relations; (a) Tangents to a ciicic from the samb external pdint are equal, (b) 
Tangents at the extremities of a diameter are parallel, (c) If a line is perpendicular 
to a radius at its outer extremity, it is a tangent. i 

FRANCES M. BURNS 

Ceyiter square, 15" long, for finding the center of a circle. This is used to help 
apply the following theorems: (a) Tangents to a circle from the same external point 




J 



are equal, (b) The bisector of the vertex angle »of -an isosceles tr^,angle is the per- 
pendicular bisector . of the base, (c) The perpendicular bisector of a chord passes 
through the center of the cinle. The upper edge of the bisector always bisects the 
angle, 

FRANCt;S M, BURNS 

Tangent secaul relation, A iarj^e circle is drawn on bristoi board backed with ply- 
wood. The tangent is fixed, while the secant, marked in y^" uniLs. pivots from an 




/ 
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extewial point. If care is taken in choosing the dimensions, several illustration* of 
th^langeur -secant proportion using whole numbers can be obtained. 



/ 



FRANCES M. BURNS 



Secant and external segment. A large circle is drawif on colored showcard board 
mpuntfd on plywood. A 21'' secant marked in inches p'ivots froiii an external point. 
If care is used in choosing the dimensions, several illustrations, involving only 
iuiegers, of the constant relation between the secant and it^exteiiial segment can 
be shown. 

FKANCtS M. BURNS 

Area of a segment of a circle. Co'ored cardboard with thc^^ chord of the segment 
scored and taped with Scotch tape so that the triangle will bend out of sight illus- 
trates the principle that the area of the segment equals the area of the seclor.minus 
the area of the triangle. 

' FRANCES M. BURNS 

similar triangles (blackboard de\icf). A triangle having a base 14" and an altitude 
10" is cut from phwood. A scce'id triangle whose sides are parallel to and I1/4" 
from the larger one is remosed. giving a tool for quickly drawing similar tnatigles 
on the blackboard. * \ 

\ FRA.NCKS M, i»URNS 

Equal seg7rients. A series of parallel lines ymich cut equal segments on a trans- 
versa* is painted on a piece of plywood 16" x 20". The "any othe; trdnsversal" is 
represented by a tlowcl which pivots. This call alr.o be used to illustrate tiie theoieni: 
If a line hiseci.s one side of a triangle and is parallel to a second side, it bisects the 
third side. 



If pQrnllels cut c<^u«l 
m«ft) Of) OTA trQh^vcrj'sl they 
Will «utequ&l se<]mer^td on 




FRANCKS M. liUKNS 



Triangles. The line segment joining the niid t^itus of two sides^of a triangle is 
parallel to the third side and equal to ont-half of it. ^' 
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A flexiBle wooden triangle is used. The base is marked off in equal divisions. A 
Slick attached to the mid-point of the second side has the same divisions. Whei the 
triangle changes positions the stick is rotated so that it passes over the mid«point 
of the third side. It then remains parallel to the third side and equal to one»half 
of it. (Strips of graph paper may be fastened to the base and stick if mdre accurate 
readings are desired.) 

H. fUHRMANN 

similar triangles and proportion, A triangle having two of its sides 16" and 12" 
is painted on plywood. Half-inch units are marked on both sides. These are num* 
bered at intervals of 4" dn the 16" side and at intervals of S" on the 12" side. 
Elastic cords attached to push pins can be fastened at any desired points. This 
model has been used to demonstrate the theorem: If a line divides two sides of a 
triangle proportionally, it is parallel to the third side. It will also show the converse 
of this theorem. 

FRANCES M. BURNS 

Area of triangles. Two parallel lines 7i/J" apart are painted on a piece of ply- 
wood 12" X 24'*. A triangle with its vertex, in one of the parallels and its bise in the 
o;her is drawn. Elastic cord leading from holes at each end of the base can be^. 
hooked over any of the six pegs in the parallel through the vertex. The positions- 
of the pegs show right triangle-.*, acute triangles, and obtuse triangles, alj of which 
are equal in area to the fixed triangle. 




FRANCES M. BURNS 



Right triangU proporlioiis. These three plywood trianj^lcs help to demonstrate 
the "right triangle proposition," Dimensions of the largest are: base 20", altitude 
91/2". 




FKANCKS M. BURNS 

Mid t>(>iuts of triangles. The line joining the mid-points o{ the sides of a triangle 
is paiallel lu the third side and equal to one-half of it, ♦ 

A naviuw snip of wood to represent the base of a triangle is tacked to painted 
plywood 11" X 16". A second strip of wood, half the length of the first, is fastened 
at the mid points of two :;4inequal pieces of \]?\ elastic cord which form thf^ other 
two sides of the triangle. A push pin through the vertex places rtie vertex at any 
desiied point. 1 lie line joining the mid points »of the two sides remains parallel to 
(he base, wliaievcv the size or kind of triangle. 

FRANCES M. BURNS 

Pythai^oreau Theorem. The stjuarc on the hypotenuse of a right triangle equals 
the sum of tlie squaies on the other two sides. 




FRANCF^ M. BURNS 
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PyUia^orcan Thcorrrn, An did method of Imihling a right jingle by "rope stretch- 
ing/* using the 3-4-') comljinaiion. is ilhistratcci here. 





I'RANCtS M. BURNS 



Amis nf Ihc au-as of siinil«r polygons and circles are to each other as 

ihe scjuaiL's of their corresponding lines. 




hkANCKS M. WVRSs 
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luteriur and fxtniar «/i^/e'5 of p<dy^(ni\. On a piece of nhuood iili" x ifl'' ;i h:isf 
liMe srj^ment 10" loni? is dnnvn. ha\ins an 8" piotrncior aiia(hccl at one cn(i. 
VeiiiccN of the lmiiuI.ikt.iI iiiaiiv^lc, s(|uaic. ic^iilar pentagon, and rci^ular licxugon 




h.tvini; !iiL' i'l" imc sf -^iMmt .\> I^I^t• .nr t iitfiii;\ '.(JCtU'd aiul m.iiked. Holes arc 
hiMcil .It i!m' tAtn nr.i s ili -^ Im"^*-' .I'id mimH miiml lLimIi (ouI is kn<)nc<l at the 
li:t(k. Wlun iliiN el;ivi< .t^ luM in pl.uc 1)) pii^li tlic \.iiit)ns pii!\'^uns aic com- 

plcieil. '11.0 tii'uUl n)m)\v ..t. ihf m/c ot v.uU iwuiun .uu\ l'.k h cMcrior anj^le 
(jt ihesc n 4'i!.ii aiu!* 'l» f.ith iim itor .iii.;le in( leasts wiiilo cncli ex- 

tL'iioi ani^le ( i r-j-^' n ^i-^ dic ihhmJk I' nl Nidi s of .i it '^nl.ii [jul\^t)n i!uieaH*<. 

Lntui ft i'jMf;'>/i/ A M' tiuli- i^ p.iiiiud *ni j»i\\\nod. l\ '4s ;uc Iticartul 

.It the wMuv-s (<f llu' n-N(i:l»ttl m|»j.iU'. Ii'^iil n ii(t.!^Mn. .tiiil u"^u:.ii siilvd 
pohj^oii. \VIkm\ t l.iNtic i^ ^luMt}:t'd (»\t i i!u: lu -s. tlu* tlieincui. II ihe tuiinlu r cf 
Nidcs uf ft inN(iilM;(l pnh-^on N m pcM' 'il^ (Iiiu!)!(''. |it i -iiu hm and .iiea< 

apjun.uh nc.nc! aiid ne.ntM !•» iIiono of rhf t-\c\i\ Is ■i'uNii itn!. 



SOLID (./.()Mi:i HY 

fi'^nrcs Ml (tn* {^-vtlMUjk fci stjlid j;i*Min( li\ lli^^«u*lu^. .in lIUj^^(^M('n t»f drptli in 

.iddirinii fri that puMliiccil 1)\ ordiriarv ptTspuii\e ff tin* (lfa\MM^ 01 picdne- 



. ■ ' ■ / ■ 

I 

< 
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Mndeis for the /n/in/s /)/ /nn/»/)v////j»M* ifi solid geonit'try, Clear celluloul 1/16" 
thick is*used for the pl.iitcs. p.iiiuni applit^iois ior the lines in apace, iun^ narrow 

it>es oil [\\L* planes. I)ucu .ceiiiciit joins the 
j)lane.s; sealing wax -holtk liiu* \o W^wv o\ line Jo plane. 





Halsa woful Tuodels in. in alsD he used for pioofs of piupositions in st)licl j»eonietry. 

FRA.N(;l-S M. BURNS 

Lnirs and plaui's. l.nn-s pei pi lulit 'liar in the same plane arc parallel.' 





Af)f)endix I f 

I.iuts ami plants. U ii line is ju:i peiuliLulai U» calU of two iiucisccting lines at. 

ihcir point of iiucrsctiioii. it is pcrpcmlicular lo the piano {Ictciinined by ilu?j»e 
lines. 




rlmuru If tuti piiialltfl planes aie cut h) a ihiid plane. lUe intciscciions are 
paialU'L 




cniusiiNK nscin u 

I'lDiXllt h pi\>rti. Wiic .iiul pl\u(>(ul inoih'U m.i\ Ijf iiMtl h* illii>ii.iic an\ rij;lu» 
n'< lani^iiKii . ii-i<iihir pal alU lcfMpctl. 




1 UWf.l N M. hl UNS 



ERIC 
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Locus, The lociis of. poiiii^ within a ilihc(li;il anj^Ie and equidistant from the faces 
is the plane bisecting the dihedral angle. 



CHRISTINK FlSCHhB 



Si'< lions. The intersection a£ a plane and a surlace is a section. 




A/'^^/jr;(/^ A suir j u ^i \ hni i mi i> liunici! lunn .ni ii dv.iIuhIhhi . Made from 

n.iriNiiHCfif HMd-nal \viih '/ItMin. h-hl uiilun. u is used .r> a dcLui.iiion in Mora- 
\ Mil \\y JiiK > ;i( f hi i^lTna^ tilric. 

n Ok \ M AI'. WATSON 

r-^ly^hedroiis. 'IhuT uHfMci imi; miIk^>, vm\\ ttifx- ^nhstiiu ted in .1 di(i(MfiU coloi 
"I c.u*dboaid» niav l)V used ,{ C.h^^tl^,l^ iu\ nt inim ui . 
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Some coTJipositr pulyhf (irons. The solids shown in the accompanying figures ap- 
pear ill the following ordei; 




Top row; tftrahcdion. tctiahcdioiis on c.nh fate of a tctrahctlron. octahedrons 
on each face of a tetrahctlrun. icosahedmus on each face of a tctrahc<lron. tetra- 
hedrons on each face of lUv U'ti.ihetli ons on each face of a tciiahedion. 

Middle row: cube, cubes on each face of a cube, octahedron, tetrahedrons on 
each f.uc of an ocahedioii. ottahcdions on each face of an ociaiietlion. 

Bott^om low; dodrcahvtlron, dodocahcdrons on each fare c>f a dotlecahetlron. 
icosah(.*dion, tetrahedioiis on each face of an icovahcdnju, Oi:rahcdi(-)!i'i on fach face 
of an icosahrdion. 

Dwu.ni F. in MH 

C.itnit srftiayt^ A v;hiss (JMie i"^ sc.iled ai ihe lop. The \r\r\ <»( the lnninl sho\\s 
the* tniiK sci turns as the (nnc is i c^olvcci. 

\MI I I \M I*. ^MITM 
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Thv seclwns of a totie* "liiesc lUiiic sections were hand lurned on a lathe by a 
fludcm. i 




FRANCKS M. BURNS 

I'olurtie nf a s()htirt\ usiti^ Cavalieri's pumiple. The siihcrc in this model is made 
of P)iex glass and the cylinder of celhdoid. The diameter of the base of the cylin- 
(ter aiut of I he coiie ecjuals that of the sphere. The altitude of the cyliiuler ecjnals 
the dianKte'r of the spheie. The section of a sphere p:(rallel to the basic plane 
LMjuals the sc^ tion of the cyh'nder niimis the section of the cojie. The boy who made 
this woiked oti it for two months during ins spare lime. 




WIIXJA.M \\ .SMIlIi 



^Ippendix 'I 401 

^ spherical atij^lcs. Modcf for proof *'A spheiical aiigle is equal in ^ilegvfcs 
lu 

J 




A quaitcr ciicic uf 10" diameter N glncd to a complete IQ" circle. A second quar- 
ter circle is hinj^ed to the fust in sucii a way that it turns freely through 180''. The 
circles aie'[)lMV(»f)d painted in tliflcrent colors. Applicators at the vertex o£ the 
angle arc used fur tangentb. 

FRANCES M. BURNS 

Sides arid atiu^les .7/ a spherical triatiiile. 'I'he sides of a spherical polygon have the 
same measure as ilie face angles, and the angles of the polygon have the same meas- 
ures as the dihodial angles of the corresponding polyhedral angle at- the center. A 
sphericarfjuadriiateial is cut from a rubber ball 7" in diameter. Small wires leading 
from tiie vertices are soldered together at the center of the sphere. Applicators are 
used for the tangents at one vcitcx and for the perpendiculars to the radius. 




FRANCKS M. Btlk.NS 
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spherical triangles. Location of the pole of a j^ieat circle, .Tolar triangles, Con- 
j^ruent and symmetric spherical triangles. 




I RAN(.hS M, UURNS 



MoiUl of Spherical triangle, A is the ctmplcte base circle, radius 2\//', The slotted 
bar through which 1$ turns is fornied oi two strips of hiass, separated, at the e^ids 





\ 
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by shoit pins to whiLh they aic suklcieil. The light-hatul beaiing is the saddle 
shown in the plan in A (p. 402). This bearing is soltiered to A, The left bearing 
is a pair of clips, one on each side of A an^soldcrcd to it. Allow just enough space 
at each end of the haj for play between bearings. For clarity, the cut shows more, 
B is the second (half) circle, same radius as A, turning about a pin in the slotted 
bar. of At at the center of circle A, U canics a slotted bar, exactly like that of A, 
oh a radial line of U, Bearings as shown are soldered to B, C ,5 the third (half) 
circle sliding in the slotted bar of /?. To holH the parts in any chosen position a 
small button rivet may be placed on the inside of the bar slot, or»the bar slot may 
be bent together at the niiiUIle to provide friction. 

The device may be improved by providing means for measuring arcs and angles. 
This may he done in any one of three wa>s: (a) Graduations on edges of circles, 
(b) Semicircular scale, radius 2\^2.'\ graduations on inner edge of semicircle, (c) 
Triquadrantal triangle, with graduations on inner edges of quadrants, D is made 
up of .three sections, like ench soldered to the next by the lab, sh'oWn on which 
has been bent 'at right angles to 

T^ie circles should I)e of tin of suiikieally heavy guage^io prevent bending. 

I.. LKLAND LOCKE 

TRIGOMOMETRY ^\ 



Variation of trii^ojiatnctrii ratios, Thrt'e 18" colored (if»\\,('ls wliich pivot illustrate 
the changes in the irigonomeiric raiitis ft)r angles from 0' 10 90°. 




Trif^onowetnc fu^u tioyi^ thr i^^i'f.oal unrji'. A tiiclc s.iwrd fioin a pifce of 
mahogany bo.ud. A niov.ihlc sU( l ^( nriaiiuv^ -mn h,is a v^ci^hli'd piece of string 
fastened Ui the end of it. As jIk ai\u luiatcs, ihr fuiufidiis of an^U^s in (he various 
quadrants are tknuinsji.uccl. Alin ilu- arm \\.is passed I.SO'. ihe weighted string 




must be held up, or a slit must be made along the horizontal diamo^r of the circle 
through which the string may be passed. . ^ 

WILLIAM P. SMITH 

Variation of trigonometric functions. On bristol board, bound to plywood by 
Scotch tape, a 10" circle is drawn* At the 0" and 90« points tangents scaled in half 
units are coniitructed. A metal strip bound with black adhesive pivots at the center. 



0 




In ihis mci.il snip. ;it ihv oiiu^ cMiciniiv (jf ihc radius, a second movable strip is 
.ifi-uhiil l.ii(h of lh(^^ IS iiiaikod in halt uini.s. Special angles are marked on 
ihc (iitlc Ihc ImkjkI hi'lps to (Icniunstiate ihe line values of the trigonometric 
fnncuons, xalucs ut ihcse fur *^p((ial all^lcs. and changes in the functions as the 
an^It' itiLieasts tioni 0' to 3tiO\ When n^^ative values of the secant and cosecant 
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.arc needed, aii elastic cord is pulled fiuiii ihe back through a hole at the center 
of Ihe circle. 

^ FRANCES M» BltflNS 

Solution of tri.mii^lcs-amhiguous case, Painlal dowels of the desired lenglhs fn 
into a hole at the upper end of line segment b, Malerial use^l is brislol board 
backed with pl>\vood. Size 16" x 26". 




tRA.NCtS M. BURNS 



Sun dial. Sini dial for uoith laliimif n)° i>'. \Un\t lines aie located on a copper 
Ijasf. (inornon is ahnninuni. 




tKANCl-S M. Bl'RNS 
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An^le mnror, PIswond and tcn-cent storc niirrois, U.cd to ..tabiish a right angle 
ijul to lay out a large ciitle. ^ ^ 




FRANCES M. BURNS 



Sexinni iTMdc of plywood. 




I-KANC;!-^ M. BURNS 



APPENDIX II 
BIBLIOGRAPHY 

SPECIAL ARTICLES 

ARITHMETIC 

A Method of Finger Multiplication. E. J. Rendlorfl. School Science and Mathcinatica. 
Vol 8. pp. 580-581, October. 1908, 

A method applicable to the products of any numbers, when these, less 1, on 
being divided by 5 give the same whole number as the quotient. 
Resourcefulness in Teaching the Xew Arithmetic, Harriet E. Glacier. School Science 
and Mathematics. Vol. -10. pp. lll^m, October, 1940. 

Why are our cans ni.uie lound and so much the same shape? Assignment to 
make a simple paper mcdcl to hi)Id a gallon. Various results are listed, leading 
to the cylinder whose height equals diamcler of the base. 
The Rhombic Dodecahedron for the Young. W. Hope-Jones. Mathematical Gazette. 
Vol. 20. PR. 254-237. October. 1936. 

Junior high school students niay construct a rhombic d.-^dccahedroii as related 
to hee-cell. Diagrams and directiuus. 
A Device as an Aid in Teaching the Idea of Tens. Herbert F. Spitier. School 
Science and ;\!athem;uics. Vol. 42, pp. 05-08. January. 1912. 

i:ses unit !)locks and bundics of len to introduce the child to numbers and 
their represeiuation. 

Construction of a lfone^cnwh. Louis Vi.^cl. School Science and Mathematics. Vol 
37. pp. 380 387. April. I9S7. 

Directions nnd dui^r.iin for nuknij^ caidbt.arvi bee cell to be used at third or 
fourth grade level. 

Methods in Arithmetic aud Algebra. R. L. Short. School Science and Mathematics 
.Vol. 39. pp. 239-250. .Mairh. 1939. 

Suggestions for helps in arithmetic and algebra from second grade through 
ninth. Multiplication tables for the tens system and for fractions, pure decimal 
fractions, easy i)roportion. unrierstaiuling easy quadratic methods, easy squares 
and square roots. 

GENERAL MATHEMATICS 

Introducing Mathematical Concepts m the Junior High School. David \V. Russell. 
School Science and Mathematics, Vol. 38. pp. 6-19. January. 4938. 

How pictures were used to imroduce mathematical concepts of perspective, 
architecture, and applications iu engineering, insurance, mining, oil industry! 
and safety. 

407 
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Objective Materials in Junior High Schuul Malhematics. Joy Mahachck. Mathe- 
matics Tedcher, Vol. Sa.fcip- 274-275, October, 1939. 
Devices for measuring angles anti tlisiances. 
Classrdurn Practice in the Teathing of Everyday Mathematics I. Raymond J. Mejdak. 
Mathematics Teacher, Vol. 34. pp. 368-369, December, 1941. 

Nfodcls are used to find fiieas of solids, to ilhistrate theory behind equations, 
and in the study of addition and subtraction of signed numbers. 
Suggestions as to a Course, in Mathematics for the Entering Class of a High School. 
J. C. Packard. School Science and NfaUiemalics, Vol. 6, pp. 292-293, April, 1906. 

Outlines activities to be curried on in arithmetic, algebra, and geometry- 
experiment;} which aid in further study of the subject. 
The Supplementaty Project in Mathematics, Charles A. Stone. School Science and 
Mathematics. Vol. 24, pp. 905-912. December, 1924. 

Includes a list of iwent> topics which may be used as basis for reports. Also 
bibliography on history, mathematical recreations, famous -mathematical prob- 
lems, famous mathematicians, books of general interest, surveying, journals. 
Corrclat'ion of Mathematics with Biography, History, and Literature, Joseph V. 
Collins, School Science and .Mathematics, Vol. 5, pp. 640-f>t5. November. 1905; 
Vol, 5. pp. 726-730, December, 1905. 

Refeiences to books dealing with lives of Longfellow, Washington, Lincoln, 
Napoleon. Grant, JelTerson. Gladstone, Beecher, Franklin, Edison, Word.sworlh, 
Macaulay. and their interest in mathematics. Gives anecdotes which add lo class 
interest. 

Mathematics ajid C^eneral Science Cooperate in Junior High School, Jules H, Fraden 
and Paul M, Tull>. School .Science and Mathematics, Vol. 4n. pp. 5U-544, June, 
1940. 

A sample unit plan on the metric system is shown. Other imits suggested arc: 
How fast docs sound travt-l? Measurements of temperature. Science saves health. 
Apparatus for Measurement of the Growth of a Plant. George W. Low. Schcol 
Science and Mathematics, Vol. 5. pp. 27-28. January. 1905. 
A simple instrumrnt based on the protractor. 
Correlation of the Mathematical Subjects Develops Mathematical Power, Charles 
A. Stone. Mathematics Teacher. Vol. 16. pp. 302-310, May. 1923. 

A graphical solution of a*pu//le problem of tuo candles as solved by a seventh 
grade student is described and illustrated. 
ALGEnRA 

An Algebraic IhilancerW C. Donecker. School Science and Mathematics, \ol, 5, 
pp. 41l^n5, June. 1905. 

Desciibes a piece of apj>aratus fordemonstiatjng laws of positive and negative 
nu.nbcrs, incliidinj; laws of si^ns; commutative, associ.itive. and distributive laws; 
the transfomiations of simple erjuations: laws oP the simple and compound 
levels; law of cipp-libiium uuh fmces tendiuK^ to rotate a body: law of parallel 
f(»rc>is. 

Anniher Algebraic Balance. N. ]. Lcnnt-s. School Scieme and Mathemalics. Vol. 5, 

pp. 602 ^iO"), No\einh(T. lOOf). 

A demoiistiation model which (.ui be set up with the aid of stands, metal 

rod, meter sti<.k, f)ulle>s, and VNci^lits. 
Gromftric Aids for iJementayx Algebra. Albeita S, Wanuemacher. Mathematics 

Toacher. Vol. 22, pp. -19 'u, January. 1929. 
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' Toothpicks, string, and 5c|uare(I paper are used to study perimeter of regular 
polygons, draw circles, discover area and volume formulas. 
Tictorial Hepreseutation of ^ — (a + 6) (a — 6). Franz Denk, School Sciencp 
and Mathematics, Vol. 38, p. 686, June, 1938. 

Draw square side a, U\ one rorner cut out square \>ilh side 6. A diagonal cut 
of remaining piece results in two equal trapezoids which may be rearranged to 
give rectangle (a + /?) (a — o). 
Graphical Algeora. Frances F. Nipher. School Science ant'. Mathematics, Vol. 19. 
pp. 417-420, May, 1910. 

Diagrams^shuw how to represent {y + x)" and — x'.. 
Socrates Teaches Mntherriatiis. Norman. Anning. School Science and Nfathematics. 
\ol. 2.1 pp. 581-58.5, June. 1923. 
How wooden blocks are used to represent (x + y)', x' + x' — >*, (x -f y + t)*. 
Graphic Methods in Elementary Ali^ebra, William BeU. School Science and Mathe- 
matics, f), pp. 683-687, November. 1906. 

Lists sequence of topics for introducing graphs and extending their application 
to algebra an^l geometry. Bibliography. ^ 
Graph Work in Elemcntaiy Algebra. F. C. Touton. School Sciejice and Mathematics, 

Vol. 5. pp. 537-562. October. 1905. 
A Graphical Solution of the Ouadratic Equation, .Mhertus Darnell. School Science 

and .MiUheni.uics. Vt;I. 11. pp. 16—17, January, 1911. ' 
Graphical Solution of Cluadratic iriih Complex Roots, T. M. Blak3lee. School 

.Scicud- jind M.itheuKUics. \*ol. II. p. 270, March. 1911. 
Enrichment Materials for Fit. t Year Algebra. David W. S'.avr. Mathematics Teacher, 
yi. p[). 68-77. Fcbru:u\. I9.S9. 
I'iciurcs. (h:iris. graphs, motion picture films, periodicals, and list of books 
for the in.iihcinaiits library. 
Ui\:^h Sch"fjl Ali^ehia. Hir;t!!i IV l.ooinis S(hool .Science "^anu Mathematics, Vol. 7. 

pp. r/jn .Vjl. October. 1907. 
A Pmject in Mathettuitic^'-'I'-uo Ali^ehra Cla.ws Fiuild a Railroad. Donald I'. Smith. 
Nf.tih(Mn;iii<s IrachtT. \til. IS, [)p. 97 101. February, 1925. 

.A (lass of boN*^ ;uu! one of giiU c()n>it!f leti tlie problems rriatetl to building 
.111(1 opci.ttinu a r;iil\v.i\ ^sstttn. .A In. inch of the New Jeise* Central was used 
and iuforni.ilion on e\or\ } 'i.isc of lis work collected. 
r?if*\/'/t)». (i Pn^uhtlttir< hi^tfUfttun in Gf fif}hic Mt thods, William L. Schaaf. 
.School .Srinur .nid .Nf.itfit'm.ii k s. \'^^\. U, j)p. Ujn-170, Fct)ruriiy. 19tl. 

Suu-^t*<{s ih.u ^u.iti-i Use (ouM bo mailc of cfil.iiii t\pes (jf curves which 
r:nr]\ :j|)p(\ir in se<i^tul,n\ ni.whrmiUiis tf\tt)Ook»«. of cal(nl:iting charts or 
nomniira[)hs, and o. p;(toii.il i^iaphs and tint a critical altitude toward graphs 
and thrir inier pict.uinti should bt; culiiN.iied. 

.iplu lists (i\fr vi\fv l)<"ik<^ ,nni nioni^'^raphs on t^^raphif a! methods, and 
[>c! i<i<lit.t 1 Mf('Mti(t^ douird as .fniUiws" p«*(t<}ii.d *• I 1 1^ t ics ; ^rap.hic method>: 
.if . »?; Lli.jj'hu; nit tlu»ds; !<•.' o iJliiiilc th.iits: nonlo-^i , 

ri.AS'h (*f oMi.T/n' 

/iiu\ U. pp i:-!). Ihuinbor, 19.i'.i. 

Srtir.e si!i:i^(s:u)ns arc: u c of ro!oic»i chalk in hclpin.i^ ihc puf)il visualize 
coiiesponder.cc in (on.i;n:(.nr nr 5;n;il.n figures; a sni.iil collection of colored 
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caidboanl pol\>»ons and circles and ni'jiliolls of filini^ these matenals; four 
ruleis ljulicd to«^t'ilici to Unm a h)()sc j(.>iniecl pajallclograin; icduting the solar 
sNsicm Id sLale b) drawings, a cartll)t>aid model nf an old Egyptian level, angle 
niiiroi. paiUD^Maph, ciusssralf. slide iiilc. suiullals. Includes references. 
'I he i'se uj I-Jirichmeyit Matrriuls m Set andary Mathematics. Joseph C, Shultles- 
worth, Stcondiuy F.ducalidu. Vol, 0. pp, Deccinhcj, 1937, 

Students construct regular f)oI\gons that (ill the plane space around a point and 
also discover arrangements tor u'gular pohgous to fu together to make legular 
andsemi-regular j)ol\he(Iions. hey a' leain to work with surveying instru- 
ineiit^arul other app;iuitus. "1 he usua: issioom experience is reversed by pro- 
reeding from a conciete and specitic piuhlem to the more general geometric 
theorems which explain such pioblems." ^ 
Jhr Tcuihitii; of "iUxihlr" iUiimrtiy. Daniel U, Llo\d. Mathematics Teacher, Vol. 
pp. 3'Jl-3l!3. Noxember. 1939, 
I'sing the p;intoi^iaph. p;uailel ruleis. transit, and linkages in plane geometry, 
Vitaliz'uii:^ (Infjnrtn /n the Use of Pictures. Donovan A. Johnson. School Science 
auii Ntatheinatics. \oi, 3S, pp. ,032 1U34. Dcu'mher, 1938, 

Topics which can he aihanl.ig{'nusl\ illustiated by pictutes: geometry 'in art. 
mathematics in- natnie. the-use of Hi.uij^k's. opiical 'illusions, geometric church 
windjiws. maki. . nuiliij)litanon easy, chcles. ^(X)inetr> in the home, bridge 
buildns as mathematii ians, parallel lines. h\mmetry, mathematics in photog- 
raphs, \ocalions uMju iui^ a bat kgrtjund 'of maihematics, objectives of maihe- 
mailcs. Uulletiu boaii disphu, 
I'iffUiznt'^ (.rofiirtiy with Visual Auh. Richard Diake aiul Dotunan Johnson. 
Nfaihemaliis 'Ifarher, Vol. 3!^. pp, bi\ r>9. I-ebMi,u\. 19J0. 

Lists piojtxts foi ma'.heniali(s classtv, oI)jecti\{'s for using visual material, and 
ejpiipmeiu foi ihe' tnaihcmatits cla^^^oom; pidiucs. lancern sHdc»s, motion pic 
tuics. filiu slules. siereopiicon pictures, and thiee-dimensioual pictures, Bibliog- 
laphy. 

I'ltaltzni^ dnnnrtfy thtnu-^^h / llu^traiirr Mateital. Idella Wateis. Maihemaiics 
'leather. \oi. 2-^. pp. 101 1 10. lebiuarv. l!J3r>, ' 

A unit in plane grnnuMty on gcimuin tn nalurc. ai'. aiuI' nidustry. 
Hftdiography. 

Uses of CnrdhfHitd. Ruih I.ane. M.iilit m.iiics Teachei. V(d. IS. pp, 239-211. 
Apiil. 19'^'^ 

i'rol)U'ins for bnaid uoik aie pnnuil on l,oi;e (bans of tuanila cardboard. 
Two ptintin*^ scK aic ;i>('d in makiiv^ the (harts, uliidi are numhcicd and hied. 

In gc'omeiiy snnieiits\tliaw medians of iiiaii'^lc. ami check the center of 
gra\if\ by bakmcing tiian^lc on a prncil point. Pei.sptNtive figures aie drawn 
xn solid gfcunetrv for eadi thcoi- ni aiid moiU'ls u^ide. Mash caids used for review. 
The 'J'riif hi^iii iif ('.tin!ut7\ (.l,iia .A. Il.nt Sdiool Sdcntcaiui Mathematics, Vol, 5. 
pp. fil9 Novdubn. HHi"'); pp. TiT-T'J"*. Dtiember, 1905, 

"Sodi uork \u,\\ be ^iw n as uitiin^ a pu»pei [)aiaiIelo^ram aU)ng a diagonal 
and shouio'.: b\ snpt i po>if inn ihjt ihi* dM-^onal of a j).n .dh-logram divides it 
ifuo two eijiial tJi.niahN ,\ fi,nne made of four wiies jointed at the eiuis to 
iuo\r iMsi|\ will iiiiprtss ihr fad that foui sides do not drtcrtninc a (jiuidtilalcral, 
TInee uitcs ;irnil.uU jninr<i will show the (as'e (jf the triangle. The ideas gained 
l)> this kind of work miisi be u\r^l d enlarge rxfjerience. The mind nuist be 
alert to ap[)l) facts as soon as arcjuiied," 
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Populatiznig Viant and Solid Gcumt'try, Gertrude V. Pratt. Mathematics Tettcher, 

\ol. pp. 4l2-'f:il, No\cnibcr, 

l.'sc of tlie buUciiii board, pictures in the cLissrooni, a lieUl trip, style show, 

slide iuk\ ait and uuhitectiire, models. 
Yuu Can Make Tlwin, Cll.ua O. Larson. Mathematics Teacher, Vol. 35, pp. 182-183, 

April. mZ 

Rigidity of geunu'iiic fi^ jies. the isosceles triangle as a device for bisecting an 
angle, parallel ruleis and a simple transit aie described, with accompanying illus- 
tiations. 

Use of Modrls in Ttailiing Plane ileuvietry, Mannis Charosch. High Points, Vol. 

1 \, pp. 12 14, Februaiy, 1932, 
Lit He "Tinkering" m Geovielry. W. Knapp. High Points, Vol. 17, pp. 16-20, 

.\piil, 1935. 

MaDietnalKal Prineiples Applied to Mechanical Drawing, Emil E. Shattow. School 
Science and .Mathem.iiics, Vol. 36, pp. 890-896, November, 1936. 

On centering a drawing: (1) graphical method, (2) computativ? method, 
(3) mechanical nieihoil which makes use of a proportional triangle — a mechanical 
dcsice consisting of a 45" celluloid right triangle, the inside edge of the base 
of whith has giaduations of 1/2, 1/3, 1/4, 1/5, 1/6, 1/7, 1/8, 1/9, l/U. The 
tiian>;le is piovided with a celluloid handle whitn is pivoted by means of a 
ri\et c:. 

Optional Tupus in Plane Ceortietry. Clara O. Larson. Mathematics Teacher, Vol. 
30. pp, 188-189. April, 1937. 

NIeniions nsiin; piett's fiom an L-recior set to illustrate plane geometry; also 
student apj)litations of geometry to art, inu^c, mechanical drawing, and ad- 
vertising (i^eoinetiic ti ade-niai ks). 

Our dramrttic Ptivirnnment. F.. \l. Watsc/n. Sc^^ool Science and .Mathematics, \'ol, 
39. p}). 'Jn-^ 259, March, 1939. 

lUnsh.itions from astrononi), liglit, peispective, art, radial synnnetry in f;owers., 
fl^h. and snow ti\s(aU. and nautilus shell, ui-? cyclone, suspension bridge, mineral 
crystals. , 

(ittwittry for I.irryi)tu\ Keiuu'th S. Davis. .Mathematics Teacher. \'ol. 35, pp. 64- 
67. l el)Uiai\. 194*J. 

A list fif fifty iilusti atinns in student's environment shows applications of 
fuiid.iMu iital f.ti is of Ri'onu'tiy. 
A Sutnhrr {)f I'ldtii^s for He^inneis in Oecnnelry. Vesta A. Richmond. Mathematics 
'Ic.uhrr. \ ol. 'JO. pp. 142 149, .March, 1927. 

Student iiut'iest focust-d cm various activities each week: examples of mathe- 
rnat'cs in n.itme. lonstrmtion of legular pol)hedions. sii.*inle tratisir instruments. 
nuMsinirig iurgular {)ic(.es of land and drawing to scale, alum and salt crystals, 
1 1 \st.ill()-i ,tph\ , groinciitc dcsigtH, p.)l)gons from pu/^les such as tlie tangram. 
jnojlcls u{ lotus thcoiems, propoilio!. and the pantojjraph, dynarnic symmetry. 
Styiut S\ii^\:^f itinns fur Anialeur Photography iri Mathematics Courses, T. L. 

Kn-U*. Sdiool Stifiur and Malliematics. Vol. 33, pp. 506- .^iIO. May. 1933. 

Su'^-^tsis sindcnt ui'h a camera c.Tti obtain pictures illustrating symmetry, 
(inul.ii .md CfOihic windows, compomui curves, rc:entric ami concentric circles, 
pmpti^ lidii. sirailaiitv. triangular biating. parabolas formed by suspended cabk^. 
!"nr l(»(ns piohlcms. linie exposmes may be taken at tiight of a point represented 
\}) a pine (jf bumiug nujgnesium or flashlight traveling around a wheel, a cycloid 
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from a moving wheel, concentric circles shown by stars around north pole star. 
Students may make slides for classroom use and. using an ordinary camera, make 
stereoscopic pictures for three«dimensional impressions by snapping pictures of 
the same object in two positions, three inche.s apart. 
Colored Crayons as an Aid in Teaching Mathematics, Ada M, Pai^ons. School 
Science ami Mathematics. Vol. 14. pp. 33-35. Januar)', 1914. 

Only a few colored crayons are needed in proving the theorems on congruence of 
triangles, the proposition that angles opposite the et^ual sides of an isosceles tri- 
angle are ej^ual. in locus probkins, etc. * 
.4 Device to Aid in Generalizing Geometrical Idea, Henry Ke^nmerling. School 
.Science and Mathematics. Vol. 27, pp, 60t>-f)09, June, 1927. 

A board. 21/2 feel square and Y\ i"ch thick, is perforated with % inch holes, 
2 inches apart. No. 14 casing nails fit holes. Elastic bands are stretched between 
nails for straight lines, 

A circle of variable si/e is made from an 8'foot saw with the teeth ground 
ofT. This strip bends into a nearly perfect circle ai;d is held in place by small 
blocks. 

Developing a Concept of Proportion before Presenting the Formal Work, T, L. 
F.ngle, School Science ami Mathematics, \'ol. .32/pp. 268-271, March. 1932. 
Cartoons and pictures are enlarged with the aid of ginph paper. Illustrated, 
.4 Geometry Pupil's lirttliant Work, George W. Kvans. School Science and Mathe- 
m.uics^ Vol, G. pp, 595-507. October. 1906, 

A mediocre student can he led to do his t.wn thinking in geonietry to discover 
nuercsting gcninetric prf)perties, 
,4 SuiHi^estion for Review in Geometry, C, A. i'ctterscui. School Science and MathC' 
matics, Vol. 7. p, 701. November, 1907, 

Ulustrates a composite figure to be njinu'ographe<l nnd used lu discover geo- 
metric pn>pcrtics for levicw woik, Othrr similar fi^uics will suggest themselves, 
fii'.me made or !?iexfiensirre Mathematical Appajatus, Joseph V. Collins. School 
Scirnrc and Nt.iilu-m.uirs. \*()1, 7. pp. •'i'J 1 ■ .'>L'S, June. 1907, 

nisdisscs ;in(i illusir.ucs .m algebraital b.d.incc. solid ^cornctrv mtxlcifng fiame. 
[)»,ine {.ihlc. p:nuagt;iph. bKukhnard conifjass pjoti acior. slide lules. 

Trrmitioloir^- nf riemrnttiry Grornrtry, I.niiis c:. Karj)inski ;ind /\delaide M, 
liedUr, School S(ien(e a!id M;ithcm.iti(s, X'o!. LM. pp, \f]2 1*07. February. 1924, 
A t.ilMC shfu\s the origin, fiom (week in I.atiu. cf trims usc<I in gcnmerry and 
thr first Kni:i, uiihor to w-^e tiic \v{jul. Nt,iiiM;.d cm l)e picsmted in a chart 
f«>r rl.jssTodTn u^v or fj^r sdiool L*\hihit. 
I n^riir for Tt-fuhifn^ /.'.'fu.s, M-ULMret C. Ami^. .\l,uhcin.H ics 'rc;u her, \oi. 34. 
r- ()c!r>ber. 

I . < 'i< Mtikrs n iUeu. IV Nfd.cuxl. Nf.ithcru.itic s 1 r.iclicr. 27. pp, 3,^^6 339. 

\o\-mf)Or. I'i'M. 

/ r,f>)i,'},{,y it^ Cfiuu-K and C>irr. (.cui^c ScllcLk. M,ulu;m.if ics 'I'cjdu'r. Vt^l, 22. 
{ !) Nf)\r!nhrr. 1929, 

l'Mu«; ill pi;ine and «o!id ^rometis- "A Licu-i .1 ^eojis phobia :iua\," 
r^lt}ii*i: /. C>-^irrpi in rin>u (.r'**!rir\-. }■ 1^ W. u ..1 foi d . M.i t iiem:H ic<; 

'fc.u hrr. \ (\\. 'J'i, pp lir^ pif,^ I rbru.ir, 

HrMiihr*; nMfcti.jl; A^t'd hs vfndrnK in \ is-M h/inir '''(' but not in ff-n- 

<C'-u(firM: nis(u^w'<; :i luimbrr of t xpci iiucnts ';o (airicd our Wifh 

t*'^*^ f!.,Ue'! i,iN. 
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SOLID (iiOMJJHY 

The ittjrhnn^ M Sului isrotnetry tit the University of I'titnuu', (i. H, Nicholson. 
M.uluni;itiL<i 'IV.uhcr, Vol. 30. pp, 330. NonciuIkt, 1937, 

Mosi of ihv iinpoiiniu solitU in solitl ^cmurtry were coiisliuciai aiul tnodels 
wric ni.Mlc of ihc main piopusitiuijs, Dcsargue's Theorem and oiher theorems 
from nunU'in puie solid '^ctwiietiy wcic also iiRluileJ. Two illusiraiions show 
nuKlrls m.iile of cartons, stvint?, ckxtiic wire, knitting needles, umbrella stays, 
small thin pieces of wood, colored paper, toothpicks, cardboaid, airplane Ions, 
CiipptT wins. tin. scircnin^. a boy's biiiUliug set, a salt container, and soldeung 
wiic. l ifieen ohjeciives are discussutl and fifteen leferences listed, 

t Cnlitr Sdirme for figures in Snlid (irtntu'try, St. C. Spencer. School Science and 
Malhrniatlcs, Vol, 10, p. 519, }une, fuiO. 

"(I) A cnl«»i is used to outline the poition ol cath plane used; (2) all lines in 
a j)hiiu\ pn)vidi'cl ihe\ aie not intevsections of rhe plane with another, are drawn 
in the culoi (hoNcn {(»r outlinin^ that plane; (3) all lines common to two or more 
planes aie di.iwn white on the blackboard /nul bhuk on paper," 

Huxc Ynu Tried (:la\? Maniet B. JhrbeU. Scl;o(»l SiieiRe and Mathematics, \'ol. 42. 
pp. 218 2:^0, MaiLh. I<n2, 

C'.lay and sticks aie used in flat i>o\es^ or cm s[)lieies to helj) illustrate many of 
the iheoums of solid geometry. » 

Solid Ceamrtiy Af^x/r/nJi; liame. C. ]Lt Comsiock. Schopl Science and Mathematics, 
^ Vol. 4. p. 171, 1904. / 4 

Modf ls in Stdid (novirtry. Miles C. ilai tley. Mathematics Teacher, Vol. 35, pp, 
5 7. Jaiuiaiv. 1912. ^ 

Siiini niddels nie made to help vis.t,di/e theorems. 

.1 /yr//i/?W i crhnuine in Tent hui^ Siflid (iror'ivtn , James V. Bernardo. Mathematics 
■IraduM, Vol, 33. pp. 39 40. Jamiaiv. 1910, 

Miidcis made of. iiie\pensi\e mater iais - -j>aper. sticks, stiiiv^. laidboanh etc. 

'.i \fu<nil Mfihnii ni Mrnsuuitt'tnnl (iromrhy. Sister Maiv (iei.nd. hi hool Science 
■mm\ Mathf in.itKs. \ oL 31. pp. 9^7 9SS, No\enilicr. lo:U. 

\ il isMJMiiM expeiimeiU in whiih students used nuddin^ (l.i\. pioii.Ktor. antl 
siiai-litedi^e tti mulil ;i prism whose b.ises aie MjuaIe^ and n» lind t(it,d aie.i; 
then. \\nh ^aIllc• ainouiit of cl.is. to mcuiei a pi imm whose base was a ilmiulMis. 

f./.n^ Af"././s sh >u I'hnii DnfirnU'tn. J, K. Russell. Naticin's .Schools, \'ol. 27. p. 29. 
Apiil. P'W. ! 

A/"«/'-Mi Af"'/^;N A/.'./rMj i iiui'iti.>>i. C, I.. Connor. Biiiletiii of tin- M.Khemaiiis 
SeciiiHi. 1 .i-lei;j Dr.iMfm. (.olot,idn l.duiation As^tuiation. Deiisei. \ o!. 3, j)p, 5-6, 
SpTMi.:. P.i-J 

/t..ww/',i dr,,'-. D.iii-.t 1 1 M/oti \t.iiis Maiheui.iiKs Icadiei, \oI. 31. pp. 7> .'^O. 

\t. ■': -s ju- w^id in r.:t: oduc ; II iIjc \\oil in ':ifiii{ii\ .in u.!1 .is iti under- 
siand.n.; m.ihc b.isic pr:iM;p!cs o| d(^MipiiNe •nitn \ . 
Motifls t'^r i'.hii".^ S 4:<l .''\ . Sclidi.l Siiciue .mil .\I .i I h( III 1 1 ; t \ ol. 13. 

p 'Jl(), \I.ii(l-.. l'M3. Rrpi-.i-t(d fl^'m I lie Sthool WoiM 

■•(lit ii'nr {..CMS of h) s \\ (; (iipjiei uiif. i-i<Ii J- _ iii(i,ts Ifii^: !;'>!. 1 tlirm 
lo-i-slMj. aii-l !..r;d llum i.^'ind il:e imd-Ilf \mi1i .do.ii ini Hn:;s of '21 ^\V<;. 
r,,pp, 1 sviri l.'n.h th;s p. lit ui:l: :i hide s..!.!.!. .r-i ihto lUl i:Uo [un e.|ii.i! 
h-n^ibs Br: 'In..; il:c- cii-ls ..j (1;. uins ..tilu.,i.!N \"'.iu-> ts\o liit!<- li:p'>d^ \ Mipfds 

of ih'CC »!'..! f.'SM pH t • S IS It'piMlii 
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"Viuiu iIk Lu\ s1uh)s m injiunongcis, lound wooden unls n\nn\i 5/10 inch in 
(iiaiucier can be obtained, which are sold in 4'foot lengths. Cut thcni up into 
lengths vai)ing by I inch, the largest 15 inches, the smallest 10 inches, and with a 
twist drill rather smaller than 16 SAV.G. make a hole at each end axially. 

••By inserting the legs of the tripods, etc., into these boles any framework can 
(jnickly be ljuiU up, 

"Uy rolling a piece of thin brass round one of the unU a.s[)lit tube can be 
made with wbidi rods can be joined telcscopically and anv length obtained*." 
The Te-sstract, {u + by, a Demonstration of the Binomial Thcnrevi in Fourth 
Dimensional iit'omvtry. Harriet R. Herbert. National" Matbetnalic,s Magazine, 
Vol. in, [)p. 97 99, November, 19H). 
A Study of t^he Cultivatum of Space Imagery in Solid Geometry through the Use 
of Models, Kdwin W. Schieibcr. Mathematics Teacher, Vol. IG, pp. 102-111. 
February, 1923. 

Discusses arguments against using models. Points out need for developing 

spate imagery in student, lllusirates forty-one models and patterns for twelve 

of these. Hibliography. 
Soltd Geometry Made More Interesting, Marvin C. Volpcl, School Science and 
. Mathcmatiis, Vol. 38, pp. 740-742, October, 1938. 

A modL'l of the Taj Mahal made of cardboard and ten boxes of matches; 

domes of plaster of Paris gilded. 
The Regular Star SoUds, Gertrude V. Pratt. School Science and Mathematics. Vol. 

28, pp. n -^lfw. May, 1928. 

A discussion of regular polyhcdra, Archimedean solids, and four regular star 

polyhcdi.i: tho small stellated dodecahedron, the great dodecahedron, the great 

stellated dodccaliedjon, and the gieat icosahedron, Illustrated, 
Construction Work in Solid Geometry, Edwin W. Schreiber. School Science and 

Mathcin.tiirs. Vol, 19, pp. 407-413. May, 1919, 

IJiKcd on K{'plcr's "To measure is to know." Students in solid geometry cab 

(III, lie (liMuiisicMs (ni pohhcdr(n)s whose volume is ten cubic inches. Thirty 

mntlrls .lie ilhiNtr.ued. rc(|uii emcnts for fifteen of these are listed. 
The Rntusiat and (loniostat: 4 Teacher's Classroom Device for Instruction in Pro- 

jrdinu. ULiiii.m Hansiein. Sclrool S(icnte and Mathematics. \*oK 9, pp. 808 870. 

l>0(t iilb''l. Ml( U. 

A set of lu. lit K in skelHon foim with uhich the tegular and an endless num- 
Ikt (M iin-iil.u smf,ires. M^bds. :uul their [)enclra tions are mounted before the 
IIk muk.Mn rna\ be r(itaie(' in vertical and hori/orual revolutions. 
Innkni^ ,n \.,f.ti (,r(>Tfiriry tinnuii^h Perspective, Kthcl .Spoaiman. Mathematics 
1 .-..(lu I \nl |,|,. I ly-l')!). Apiil. 1910. 

I iKiniN (loiu solid gconu'try, including spheii(.ii fignrcs. ate diawn. using the 
basic priiiiipb's (if pejspectise. 

a tinyiz' ulal Cylinder, William F, Riggs. School .Scici'ce and Mathematics, 
\ '^1. IC. pp. 31 34, January. 1916. ^ 

V\\A,\\\\s a diagram which may be used to obtain a vertical scale for the 
ini"iifii (.[ |](|ind present at any time in a bori/r)ntal cvlindri<al tarjk, 
/.»:>i'N li'ill Cunviviiy, H. F. Hart. Ntaibetnatics Teathrr, \'ol. 15, pp. 239 ^40, 
.\pfl. 19'J'J. 

I ncs r.f a ibvui ' tennis bail iilu^tral^d in the srjlntion of ten problems of solid 
ge^>m('ii \ . 
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The DandtUn Sphnrs. l.vv Kmcisuu Uoyci. MailiciiiatiLS TcMdicr, \ (>l. I^l, pp. 
124-12."). March. 1938. 

ThtHiieiir sec tion M a coiic M icvohitjnn uKulc !)v plane wIulIi lUiCs uoi pass 
througl) the cunc's \citcx is an flli[)sc. parabola, or hy}>crhola. Ihe foci of the 
scciions aic Mr* points of coniaci of tlu* iiitci*ic*ciinj^ plane \\'ith the spheres in- 
scribed in the cone; the diiectiiscs of these sections lie in the plane deterniined 
hy the circles of contact of the spheres with .the com'^s in which tliey are in- 
sen beef, liibliogiaphy. 

Polar T rid fifth's, Wiliiiini V" Rii^gs. Schciol .Science and Mathematics. Vol. 0, pp. 
GG3 €)i)6, Nu\ ember. !9U() 

Suggests making a spherical triangle from caidboard and fitting a corresponding 
polar triangle into it. Another substitute is a cheap sis-inch teiiestiial globe with 
pins stiuk into it inul connected by coloied sliiiigs. 

A Model of Su 1)1)1 r men lary Triricdral Afii:^lcs, R. Mathews. School Science and 
Mathem.itus, \'ol. IS. pp. 84(1-818, December. U)l8. 
Tlic model consists of two main [)arts. one for each of the trihcdial angles. 

PLAXI: A\D SriIhKICAl. THICOXOMI-.T liY 

Visualizinii 'I fij^fniomrhy. I.. K. Mc.Mbster. Siliooi Science antl Mathematics. Vol. 
31. pp. S'J7 8L'8. Oei(;ber, 1931; \'ol. 32. pp. 89.") !H)0. .November. 1032. 

Diawn on a pieie of wiiitc canlboaid T l)v *J' taekcil to a fl.U wooden board 
arc a ciicle of 4" ladius, the .\ and Y axes. [)eipendicular t;nige its to the circle 
at the inteisettions of the tiicle with the posiii\<* .\' and )' axes. A h. ivy stiff 
woe 2 looi;. in diameter lotaies at tlic center of circle; another wire hangs 
fierU fuim this wiie at the radins distance fium center. Ry rotating the first \vire, 
valiR's of sines and cosines may be detei mined. \*aiiatiun of the trigonometric 
lunctions in the h)ur cpiadrants ma\ also be shown. 
.1 Oriitr fur Tcdchfi^ . / 7 //i;o)?o///r//y. .Voua.in .Aiming. School Science and 
.M.iibcm.tiK s. \ ol. 'J;'), pp. 7:^f)-7in. October. 192"). 

Dcvite consists of tbiee bais whiili nio\e in p;u allelom .nn fashioti for noting 
\aiiation of ti igononieti ic functions of the u^'nc'ial angle, .\egati\e values are 
suggested in led. .S(;ilis graduated in tenths or lunulrcdihs may be pasted, at 
necessar\ huaiions. I he antlu)r (jucries; "Wonhl iheie be aiu advantage in having 
each pupil make one for himself? Mow would he giaduaic the ciicles? Is this 
or some similai nu i banism olfeied b\ the snj>pl\ hnuses to assist plnsics teachers 
in ticating smipie haimonic m(JtU)n>" 
.4 Mf'tfiod f,f I }r!nntt\i}(itnn^ trid 'Jrarhith^ the 1') fi^tifintntti ir l-'unrlinns. S. Q\. 
Mitdieil. Sihooi Sciiiue and \t.iilicmatits. \'o!. 17. pp. 2 r» 217. March. 1917. 

*I be "trigononu'ti ic fundion iiidj(.itor* Kinsisis of a plane suifacc upon wliich 
is laid (;u[ a ijuadi.nU of a cinle o{ unit racluis. I he cosine vcale measured in 
tenths and nundiedihs is ifie hot;/onlal sf.iU* ihe t.ui^ent S(.ile appears as a 
tangent to tlic (iuie pei pencht (d.n to the bon/dni.d. 'Ihe sine, secant, arul <o 
t.tngeni s(ales,iie .ils(» siiown 
An ifi.sirut'iriit fm Diu.t in;^ ti '^t^if (.JiJic. A. StaMlc\ M.n ken/ie. IMuvical Review, 
\*ol. 11. pp. M\h Mh7. I!)n^. 

Hescnbts (iuisii uctinn of lustrunient. together wiiii illnstratioris. 
I'fir Sntf i irii ii'ifi p; Xnlurr. Al)r:iham M. (.insluui; Hii;h I'uinis. \*o!. 19. pp. 
G9-7(). N.urndier. 1937. Reviewed in .M.itlnrn.ilii s le.u hei , \*ol. 31. p. 3.";. 
Januaf). 19.38. 
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Discusses i>iin[)lc tApci inicius fu/in sound, mec hanics, and t'lecti icily, Dcscnbes a 
CMulc device for diawinj; a part (f a sine cn»^' c on paper or on the blackbuald. 
Cartographical Projections fm Geographical Maps, Alexis M. U/i'foviclu School 
Science and Maiheniaiics, Vol. 38, pp, 37H-390, April, 1938. 

Confoimal, e<[ual arta, perspecli\e. a/iinulhal, conical, and other projections 
aic classified. Anioni,' the projections discussed and iUustruted are Niulhveide'&, 
Nfcitators, Lamheii's, Goode's, and Bonne's. 
Crraphical Dctciviinaliori of the Distatue hclwrcn Two (li.'vn Poitits on or near 
tii('Sutfa(e of the l.aith, Alexis M, LVefoxidi, .School Science and Mathematics, 
Vol. 118. pp, ll.-)! 9->S. Drcemher, 192H. 

I'siti^' two cards, die writer shous h(jw the distance between two points oh the 
eaith's suiface can he approximated. Also discusses use of an "airline-disiance 
nietei" ^s•hich is illustrated. 
A Straight Line Cha)t for the Solution of Spherical Triangles. Journal of the 

W.ishiu^'ton Academy of Sciences, No. 17, Ociober 19, 1921. 
The (iJfipliKal Snlutimi of Spherunl /"rmr/^/cs. Msion O. liipp. S(hool Science and 
M.nheni.uics, Vol. 'JO. pp. 7:U 71J, November, 1 91i0, 

l.leven di.igrains sluiw how stale viiaw in^'s m.iy be used to sohe liglit spherical 
tri.m^k'S. 



JUXlOn COLLEGE MATHEMATICS 

A Homemade Tlanimeter for Ciassroum Use. I'.rnest \V. Ton/er. Sdiool Science and 

Mathematics, \'td. II, pp. 212 2 15, Maiclu 19U. • 

Alihou^^h •siij.^^esifd for students in the calculus, the [>Ianinieler destiibed 

could be used \Nlu*U'ver c<iu^;u(*nt, ecpuvalent, piopoi tioiuil, or ii regular aieas 

aie studied. Illusnated. 
Ho'A- a T'llar Tlnyil'.\rirr \\ t))k%, Allan \V. I. a! son. Sduwd Scien(e and Nfaibematics, 

\()1. :r>, pp. \],\-^ Oil, ne((inber, iy3^>. 

l)is(usM s ui iH i .tl cliar.Rte! istics of ihc planiuicttT, theory of the motion of 

n.uin;( ,11 ru. pol.n :n!n io«^eibei' with the tr.icin;^ a?in, and an application of tlie 

pol.ir pl.jinnieter in cahulatinj^ the indicated hoisepower of a steam engine. 
Thr Unit fit t Tlatiinirtcr, Heibeit I. Cobb. School Science and Matheinalics, Vol. 

I '^r, p. 80'J, ( ember. P.) I'). 
Ciives dire( tioiis for m, iking the instrunient fiom win- one eighth inch ii) 

diaineirr. (..in be leadilv maile and used b\ ans ^'..nlcni of g{.»tucttv, 
(\' 'i>m itual lit (nesentntians nf the Tetfn.'i of (fftnin Snii S anil Then Sintis, ,\dri,ui 

Sinnk S(h(K)l Scu'nce and M.ithetnatirs. \'ol. 37, pp 2u2 2o^, Icbruaiv, l(iS7. 
I'sing wooden f)l('Cks. the followiiig aic i!lu^t!aU'd: ilie sum of the liist n num 

beis. the siini of tfie fiisi n odd immbers. the sum n! proilnds of niti 4- I), tlie 

sum of the stpiau's of ifie liist u nuinbeis. the su;n nf ilie s(|ij,o< s ol the fust n 

otld nundKis, the siuu nf the ( ubcs of the lust n lunubeis. I luse blocks aid in 

tievcloping the foruuiKis fnr these siinj)le set us. 
(traphiifil l\'(pif.\e}itti!i'}n t)f a ( .notit^tru nl Seru\%, I). M RhIu'i!. Sch<nd S(:en((' 

,nid M.iihcm.uifs, XOI. 1), p|> 21 22, JanuaM, lliTi. 

A Mr { hitnuiii \nlut:.yri ifj {hr (.til'ic. Knhrit ('. Vans. Nt.Uhcni.Uw s Icitliri, \ n! 
:{2. p 2r), M.iv, 

A (ajdhn.iid strip in iclutj lo ilu pi.nic is iisn! ii> deunniiu* suliuions nf ilir 

CUtni riiU.UioM 
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The Use of Models While TeachtJig Triple Integration. E. A. Whitman. American 

Mathematical Monthly. Vol. 48. pp. 4f)-4'J. January, 194L 
integraphs. Conrad K. Kizcr. School Science and Mathematics, Vol SS, pp. 1003- 

1005. Dccemhcr, 1933. ' 
A brief description of eight intcgiapha, Reviews the literature on intcgraphs 

ihat. have not been placed in the hands of manufacturers to market. In the 

United States thcr« are intcgraphs at Cornell Univeisity and Massachusetts 

Institute of Technology, Bii:]» )£r.'»iJ^y' 

GRAPH PAPER^ . 

The Cross-Section Papfr as a Mathematical Instrument. Eltakim Hastings Moore. 

School Science and Mathematics. \'ol. 6. pp. 429-450, June, 1906. 

Discusses the systematic use of cross-section paper as a imif)ing clement in 

mathematics. Illustrates double ctury tables— numerical and graphical-and sets 

up devices or link.iges for graphical computations. 
Graphic Railroad Timf Tables. Vlorian Cajori, School Science aiui Mathematics, 

Vol. 10. pp. 204-205. March. 1010. 

• The course of e\ery train is plotted by oblique lines. "The diagram shows at 
a glance \Nhcn a train anives at each station, also where the trains meet and pass 
each other. In railroad ofFicos. the graphic time cliarts are prepared first and the 
time- tables in ordinarv use aie copied from them," 
Graph Tracing. l\ C. Boon. School Science and Mathematics, \'ol. 5. pp. 398-401, 
Jutu; 190.5.' 

Encourages trncinR o*" curves rather than plotting of points. 
An Fxperimcnt in the I'sr of Graph Papers. Norma Sleight. Niathematics Teacher, 
Vol, 35, pp. 84 87, February. 1942. 

I'ses m.hic of \.ni(>us t\pes of paper studied as part of d '.ss woik. 
To:t ard Better (^xiphs. Edwin Eagle. Mathematics ' reacher. \'ol. 35. [)[). 127131. 
March. 19!"J. , ' ^ 

Nine impcut.mt puppet ties which graphs should possess. 
■i Practiral Three Dimrmioyml Graph. Franklin Miller. ]r Silu^ol Science and 
M.irht rnant^. \^>1. 3K pp. 919 921i, Drrember, 1031. 

•'t'tintour sheets'* aie cut out of stiff carrl.xiaid shecfs und iiitcrlo( ked wit. 
Dtlu r'i. Slits should be wide enough, ruts staggered. r.;uh sheet ^honNI be Libeled 
and X and v c()-ordinates niaiked along lower edge. C.otnpUl' -i i;raph may be 
iille<l with pla«;ier of Paris or p.iiainn. if a pertnanetU tncniel iA deMied. 
.4 Vse fnr the Giaph in Flrtnentary Chetuistry. Chai les H. Su.nc Srhon] Science 
anil Maihemaiics. \-<)l. 3(), pp 2SI-2S3. Match. I93r), 

Tun (h(ini<^iiv problems sn\\ci[ graphirallv. Lists ciulu (\pical pioblems for 
^r.iphicai solution. 
St e a'^o lUK^Ks; 

i'nu(hed Tf^nihiUi:^ ,\fnthf 7uniii.<i. M \V<)<><iii!ig and V . Smfnnl ^2 51 

Iffh MIDI: Rl'l.E 

A S'ude>it M.idr Slule l\i:le. William I". Uusli. M.!fhem.n..v 'LeMher, \ ul 27. 
pp. 40% uw. Dcf ( nib< r. 1*>'U. 

I V. K sc'ir, i.-.Mi itbniic p.i|'<-; ^'li^j'^ .ilji-tit \s'iH-. I'.-^'r is .ipj.l.itl {n f..Ml 

Imi.u.I \ strips a:e p.i^led it. 'I he en dl h ■ 1 1 . { sI.,Ur ,s rn .ib fr. :n .i i tAil 

piac of [ihoU»grapbi( film. KmIc is snfFiricntls .lunr.ite !m i:nj?aT'!re twr digiis. 
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The Slide Rule CoustrucUd xuUhout l.ogarithtns. A. H. Fcnsholt. School Science 

and Matlifiiuuirs, Vol. 15, pp. 417-421. May, 1915. 
UsiiiH -1 i">it for the length of the- slide rule D scale from- 1 to 2. the points 
. 4. 8. 10 arc laid of!. By means of a graph units for 1 to 3. 1 to 5, 1 to 7. etc.. arc 
\ determined. I his helps students to uiidersund the subdivisions of the slide 

rule but does not give an accurate scale. 
A Slide Rule for Classroom Use. Ernest W. I'on/er. School Science md Mathematics. 

\'ol. 10. pp. 77t)-7T9. December. iOlO. 
Directions for making a classroom slide rule are given. "In tnis day we do not 

hesitate Co use. in fact .t is our duty to use. all those aids which will help round 

out any course in ir.ithematics from arithmetic up." Illustrated. 
Construction of a. Demonstration Slidt Rule. Earl C. Rex. School Science' and 

Mathematics, \'oI. 40. pp. 161-164, February, 1940. 

. L'sing student a.ssistance, a 7' x 9" x 2" ruler for the classioom is made at a 
tost of about a dollar. 
The Slide Rule as a Suhject of Regular Class Imtructitm in Mathematics. William 
E. Bieckeiiridge. .Mathematics Teacher, Vol. 14, pp. 342-313. October, 1921. 
Advocates teaching the u.se of slide rule early i,i the mathematics course. 
I he Slide Rule in Junior High S.hool. Chailes A. Stone. School Science and 
Mathematics. \'ol. 30. pp. 645-650. June, 1930. 
Lists topics for eighteen meeting's of junior high school slide rule class 
A Sltde Rule in Junior an-< Senior High School. John F. Barnhill. Mathematics 
Feachcr. 17, pp. 359-364, OctobLr. 1924. 

Advocates the use of the slide rule in seventh and eighth grade, especially in 
ch'-v.king calculations. References. 
.The Slide Rule in Plane Geometry. \V. W. Gorsline. .Mathematics Teacher. \'ol 
17, pp. 38.")-103, NoveniiRT, 1924. 
^ A detailed account of how the slide nde can he u.sed in solving fiftv seven 
.problems relating to iwriity-two theorems of plane geometry, 
-r''- Slide H I, as a Che, k in rngoiwmetry. William E. Breckenridge. Madiematics 
'leather. Vol. 23, ^ip. 52 5'J. January, 19.30. 

.Multiplication ,ind division; proportion And simple wpiare root; checking right 
and ol)li(]ue tiianglcs using the law of sines. 
The .Slide Rule in the Junior College. W. W. Gorsline. Mathematics Teacher, 
Vol. 2f). pp. 292 295, .May, 1933. 

Outline for f.venty lesv.n.s: reading of the slide rule, m:iltiplication using C 
and D scales, division usinj,' C, am! I) .scales. j)rc)portion. combined multiplication 
and division, ami aiiditional topics. 
.4d,il>l,ng the .Slide Rule to H,g,. Sc honl Chemiitry: Ho>t C. Graham and John 
Muff. .School .Stieme and .Mathematics, \ol. 30, pp. 525-528, June, 19.30. 

Outlines piocoi'.nes to he followrd in t^./chiiig slide inle to a hi^di schoo; 
chemistry class. 

The .Slide Rule in llnsniri,. S. I,. Siielln. .Maihcm.ttirs Teachei. Vol. 11. no '^61- 
263.. May. 1921. " ' 

"If I weie lo inirrprct foi you the j'ttiindt- <,f ihe avrijtKe business man to- 
waids mailu nuiiics to.lav, I In-lieve that it would he s<mieihin« as follov i: -Teach 
a^ much m iilu^matics as you can; the r.a)ie the heiier. Get the following piactical 
thiuKS into \<,ur course .is early ;is you p()s^ib^ can. certainly hcfotc the student 
h.i.s .'unshed high .school: (I) n-ach him to achi. rj) teach him to subtract; (3) 
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teach him to multii)l>; 0) ^^"^^^^^ ^^^"^ divide; (r)>^teaeh liiin simple equations; 
(0) teach him mca'^urcnict»t of ail kinds; (7) le.icli him chaiung, so that lie can 
hoth imdeisland iUd make chaits; (S) teadi him th^ shdc rule, that he may 
sa\e his own lime and uiine \u the numheilcss calclliat^I<^ns that come up in the 
traiisaeUDM of husiiiesh*/* \ 

IfHlnnir the Studttit CJinme a Sliutf lUilr. U. Cecil. «nllctin\f the Kansas Associa- 
tion c)t 'IVachrrs of Malheniali( s. \ o\, Ij. p. OH. April. 1941.\ 

Titne Is Mtffwy. William li. lii ctkeni idge. Mathematics Tcache-K. \ol. IG, pp. 332- 
Orniher. \ 
•A sun\ Un hl^h sdiool anil c()llet;e stndenis and for all wliV^ aic interested 
in sa\in^ time-." One Ijon tells annther of ti.ses and method of usiiV blide rule. 

A Cum'ti cfit Utile for rtxaiiJiii the Dcciwal Point in Slide- Rule^Calculations, 
l.lo\d C. l-.llit)tt. School Sdence.and Mathematics, Vol. 26, pp. 957-959\L)eceinber, 

IWt). \ 
Sav Mrthod j'jr Driiuuil Pniut on the Slide Rule. l\ H. Wade. Seho(jl ScitMice and 

Mathemat'cs. V(»l. p. 381, April, 1932. \ 
The Slide Rule \\ nt(h. Rohcrt L. Unig and Walter V. Hmg. ScIukjI Science, and 

Mathematics. Vol. Wl pp. 72-74, Jannary, 1942. 
A de\ice rousistin- of a dial and a poijitcr which may he used f(n' locatiX^ 

decinrd point in slitle i ulc calculaticms. \ 
Talk on I.oi^uJithms and Slide Rules. Floriaii Cajori. School Science and MatheA 

maiics. Vol. 20, pp. 527-530, June, 1920. 
Illustiates title pa<»c of the earliest hook published on the slide rule. 
Solution nf ilnadmtic and Cubic Equations on the Slide Rule. R C. Cohvell. 

Mathematics reathcr. Vol. .9. pp. U\2-\G3, March. 192<i. 
^{idf Rut(* Sidutitms d f Ouddratic and Cubic Equations. T. J. Ilii;Hins. nerican 

Mathematical MoiUhlv. \'()1. 41, pp. G46-047, December, 1937. 
The Slub' Rulr ui ihr S,ifiitin}i of Cubic Equations. L. E. Cuifnian. Bidletin of the 

Kail'*. IS A^'^oM.ii ion nf *I"c,i( hrrs (.f Mathematics. Vol. II. pp. 4 October, 193G. 
I'apiT lused on aiticlc b) R. A. Whiteman in Civil En^;ineering, October, 1934. 
Ihe ni'Jil-.lniilr slide Rule. Osc.ir G. Fr>cr. School .Science and MatI •niatics, Vol. 

:Wk pp. rJU 4:i'». Apnl. 193*). 
Spc{ iruatimis f)f a li'^ht anj^le slide rule iuv fmding all trii;ononieli ic functions 

aiul for soUiu'L; an\ pioblem itivolvinjj; the relation of the sides of a triangle. 

Also applit.itioiis to ^olle^c plnsics. Dimensions, materials, etc. aic listcil. 
.•J .S7/(//' Ruir jor Ojmdiatic Equations. 1. (*. Barker. .S{hnol ScIciko and Mathe- 

nM!i(s. V«)L 3'). pp. .S11-S13. N{)Minber. 1935. 
Shows ho\s the st.des fiir sudi a sliile rule m.iv be constructed and used to 

find the roots of .\ {jii.uii.itic e(piai;on, whether it is factc.ddc in- not. 
Sec also udoks: 

En t(hrd J'nit finii: of Malhf nintit s. M. Woodiin^ an<l \\ San. out Pp. '»l 55. 
C irCl EATiXa IXSl Rl'MESTS 

.-in Inifutntil A^xuus. St<'lla K. Muis. School Srietice and M.itlu tr.atii s. Vol. 7. 
pp. liiii r»03. Oi tt)bi i. Mm)7, 

De^dilKs .(!» in>tnniuui (on>is{in^ of bcids on (UT\ed wires. 
Sum.' .Wiithmi'iiit \ nf tlir <:nl(ubilin[ hiur. I.. I ri ind l.oike. M.ithciuatiis 
■IV.Khri. \oL 15, pt) ■rJi4'JS. November. P«'J2. 

An uun.(!u( iio!i Lo flu- opeialion and undei>i.indin'^ of this ni.i(hiue. 
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Mathematics of the Calculating Machine, L. Lclaml Locke. Mathematics Teacher. 
Vol. 17. pp, 78-«br icbruary. 191^4. 
Discusses autonialic opeiations on the calculating machine. 
The Use of Calculating Machines in Teaching Arithmetic, W. S. Schlauch. Matlie- 
malics Teacher. Vol. 33. pp, !55-38. January. 1910. 
^Calculating Machines and the Mathematics Teachers. Evelyn M. Horton. MathCv. 
matics Teacher. Vol. 30. pp, 271-276, October, 1937. 

Discusses the listing machine, bookkeeping machine, key-punch aocl tabulating 
machine, and key-.hiveii and non-key-driven calculating machine. 
Abacus. David Eugene Smith. Lncyclopcedia Britannica, 14th Edition, 1939, Vol. 1, 
pp. 603-^07. 

Calculating Machines, David Raxandall. FMcyclopc^dia Britannica, 14th Edition, 
1939. Vol. 4, pp, 5i8'5:)3, 



SUnVEYl^G Ii\,STRUME\TS 

Constructing a T rarisit as a Project in Geometry. T. L. F.nglc, Mathematics Teacher, 
Vol. 24. pp. 444--t47, November, 1931. 

"The ofily materials that need to Ije purchased ;»re two f)rotractors, a pocket 
compass, and , three small unmounted spirit levels." Dimensions and directions 
for constructing a transit for approximately two dolhivs. Ulustrateti. 

A Few Live Projects in High School Mathematics, l-'r;mk M. Rich, Scliool Science 
and Mathematics, \"o!. 20. pp. 34 -15. Jatuiaiy, 1920. 

Directions for mak^^^^a chromatic /i'her from a box <jf thin wood or from 
tin. a samisen or t)pe of b.injo from a cit,'ar h<jx. a sylophone from bars of wood 
or lengths of pipe, a homemade transit (of iniercst to bo)s and girls) and home- 
made stadia. .MI materials are listed. 

.4 Project in Xniigalinn. Edna C:a(lson. .School Science and Mathematics, \'ol. 36, 
pp. 5H0 -5^4. June, 193G. 

i\nulamcnta!s of the use of the scvtant with four simple dt vic^-^ for illustration. 
CClonsti uciion of aclu.d se\iant givt n in Topular Science Nfonthly. p, 34, Septem- 
ber. 1933.) I se of the sextant; sample of.sei \ati<ui';. An <iM tnnbrella is made 
into a <ie\ice for showing the relationship (tf the sun in the c(4cstial e(|U.itor. 
Refcrrnccs. 

.4 Drnre f^r thr Tt-mhtvir of the () lu uition t*f a Sextant. J^hn B. Le.ike. School 
Sijcnce ami M.irht iii.itus. \'n\. 'V), yp. O'jii ll'jj, Dccrrnber, 1!>V). 
hisiTurtio! s .•uiil di;i^i.ims for consii ucrin^' .ind "sing a <^c\tant. 

/ Cri't Sre (lr.:nitt)\. (;f i)!^e A. linue. Kdiu.iiif»n.il Screen, \ i)l. I'J. p(). 10 41, Feb- 
!u.tr\, VjV.l 

A"'cient, mc(h"' \al. and mmlcrt] sHt\c\inir insfiumcnts arc sindic.l and u^cd bv 
^nrihvii'? M i'.c\ alsi» make uHidel scenes to illit-.tiatr- tf\if:i»ok problem^. I'sc of 
to't.rcil tluilk. shnlc«it\ (.iitof .,s, :oi,iun.:^ bi.u k hci.ird. .ind a m.iihciuatic- lab(ua- 
loi \ arc also di^( uss( il. 
.in fxj'ftiytiryit tr, /■.■/■/-.' M a I h t' mat I f s . ^.i;a HcMe \S'.isM'r. I^uMctin of the Kansas .\s. 
st(i,il.oi^ {.I Ii-.nhris (.f .Vt.ill'.cllMlH s \".>1. \^, 7 Icbuiar.. 10:iO. 
i nsnl. (injrs st;i.I r.|, fjf :u l;:^ i!r]:\td fiau) foinsc. 

A.'.i/' ( "r.'M// .M';. Wiiljani \\. Su\(!i'i. Stitotjj St.tJito N(,j I Ik ui.i I »< s, \ r», pp. 

P:m !;^s( s lal ( I (1(11 V wni k "0 m.iji uMisf n.-i rion. 
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Imtrutnvtits fm Topugraphic SunH'^ing. Willaid S. liasa. School Science and Malhe* 

matics. \'c/l. 5, pp. n>7 172. March. 1905. 
Discusses tripoil, pliine tabic, alidailc, llnj^polcs, nu'asuiing tape, pins. U-vd, 

leveling toil, ;u\d staiiia a!\'i stadia lod needt-d for group woik. 
Early Forms of a l\'w Commnti hn^truments. William K. Staik. 5:!*.^'>i SLicncc and 

Mathfinaiics, Vol. <J. pp. 871-874, Dcctiuhcr, 1909; Vol. 10, pp. 48 (37, U»G-139. 

January, 1910. 

Illustiaics paiallrl iuIlms ilatfd IGSlJ and 1723. a pantoj^iaph used in copying 
pictuirs in 1013. and a scnii cii cular slide lule of 1090, instruments for nieasur- 
distances and angles, the gcouictiic s(juaie. the cions staff, sector compasses, 
map inakii\g insiiumcnts, leveling; instruments, and ai tiller isi's instruments. 
l*hiit>-eiglu hj;u.es, many of whitli (otihl he icprodueed b> students. 
The Cross Slat). ' Sihiniptl. Maihemaiics 'I'eadier, Vol. 24, pp. 320-321, Nosem- 
her, 1911. 

Desciibcs its consiructiwn .nul discusses piohlems which it helps to solve. Ref- 
erences. 

Plane Table and Accomlmnyhii; Aplmratus. WiUard S. Bass, Sehool Science and 
• Mathematics. \ ol. 4» p. 207, Maich, 19U4. 

A SimlAv llypsomrter, l\. N. Tiausean. School Science and Nfathematics. \'ol. 7. pp. 

114-117. February, 1907. 
Dirccti.'us for constructing a simple hspsometer and its use in finding heights 

of trees a ul in topographic sur\e)ing. 
Sec also noi^Ks: 

*fiel(i Wtttk tn MaUu'viutits, Cail N. Sinister and Fred L. Reiiford. 
Mathematics nf l.ver^day Life, Cscometty Unit, Geoige A. Bince and W. W. BcattN. 
V\y 4-7 (the ran^cdirulei), 37-41 (the transuV 19 :')2 (thd' cross-stalf). 00 63 
(drumhead surNcsin^ and map making). WU llti (Maif ami lan^c fmder and 
isosceles triangle), 148 IjO (tpiadrant and sun dial). 
Surfcytni; for Schonls and Stmits, W. .A. Riihaulsnn. Tp. 31-38. 47-49. 89 9\, 
tlnnchtd Teaching of Mathematics, Woodiing and \*. Sanfoid. Tp. 40 50. 

Al.K'SMr.ST CHARTS • . ^ 

Alij^nment Charts. Joseph I.iiika. Mathematics IimiIkm. \n!. 11. pj). 171 178. Apnl. 
1921. 

Solutions of pioblei!\s taken from induNtr\. poi(cni:n;e pioliUins. Imdmg 

grafdnrallN the loois of an\ quadratic ctjuaiion Building a i,'i.iphi(al ihait for 

multiplication and diNislon. References, 
How to Hi^uie Avnui^rs with the Top of a Shf>e /Jo.v. or the Usr oi an Ali-^unirnt 

Chart in Aierai:,in^. J. .\. Roheils. Nfaihcm.iiM s iciiihei, \*(>1, 17. p]J. 471-174. 

December. I92i, r 
Somoi:^raph\\ J. S. Ccoi-es and W, \V. (loislinc. St hnol Siieiuc and Mathem,iti(s. 

Vol %, pp 207 2:l', M,iub. IWk 

On iheuraphii solution cif eijualions umo'^ i nnuv^iapiiv i|i.ii',rilel lincsV Nmno 

giam .d {\)xi.%-.:i: ^2. v-N;::; : nx ..^ h^: ( h : • . x - y -f ir; (^) 

I n: x>; ('>) a z.^ 

Value of Sootn^rnphic Charts in thr Teaching of Physics. Albeit Cosnc. ,Sthool 

Sricnce and .M.iihemai ics, Vol. 37. pp, 720 -72}. June. 1937. 
Xumography M d'Ocagne. Enoclopaedi.i BritJi\nica. 1 Uh Fdition. 1930. Vol. IT,, pp 

485-^84. 



ERLC 



t 



422 

• , Eighteenth Yearbook 

THE SUS DIAL 

The McUhermlKS oj the Sun Dial. La\'c.Ki,e Wood aiul r.ance.s M.uk Lewis. Mathe 
tuatits Tcachur, Vol. 29, pp. 295-303. October. 1935. 

A unit on the sun dial based on solid geometry an<l spherical trigonometry. 
Theory a„<i construction o£ the horizontal sun dial, and setting the dial, are in- 
eluded. References. 

The Sun Path Dial. Joseph F. Morse. .School Science and Mathematics. Vol. 8. p. 561. 
October. 1908. ^ 

An adjustable device for demonstrating the couise of the sun above and below 
the hon/on of different latitudes at dilferent times of the year 
4 .Method of Fmdiug the Meridian by Shadoivs and McchanUally Graduating a 
Sun Dial. Ldison I'ettit. School Science and .Maihematics. Vol, 10. pp 483-48(5 
June, 1910. 

Five figures show how to m.irk the sun dial ' 

■""la^u't.'' -'• M-'"»^>'>atics. Vol. 15. pp. 

November, 1915. 

- Describes a., itiveniion of Mr. Lei.,er't on vvhich necessa- v adjustments are mad' 
for latitudes 30° to 45" N. ^ 

HOMEM.\DE LXSTHUMLXTS lOR DR.IIM.XG CURVIS 

DlackboaH Compass. Perry Ross. School Science an<l Mathemmics. Vol. 2n p 542 
.May, 1925. ' ' 

On one side of a wooden slat, ur thuk and 1^" wi<lc. are c.u a se.ies of V 
notches. A crayon is held in pl.nce b^ a .ul.her band. The device may be made 
m a ew m.nutes and is serviceai)Ie where an inexpensive compass is wanted for 
olackhoard use. 

^'lo^TJ^'''''^'T ^' ^^''^"^'^ Matl"^>na.ics. Vol, 38. pp. 

842--8l(). November. 1938. ' ^ 

Idea of this con.pass based on that of the elliptic compass (Mathematical Die 
tionary. Daves and I'e^k. 1875, p. 112). VoUn moves on the intersection of a right 
exphi'.'ar"' ' ^""-"^"^'i"". llieory. and operation are 

A Simple niackboard i.lhpsograph. Ha)m Kruglnk. Mathematics Teacher. Vol 33 
p. I /9. A[)ril, 1940. * * 

. Two diagrams and directions for const, uction of instrument whirl, requires 
inexpensive .suction cups monnted c » a sheet metal fiamc 
An Uhpsyaph. Robert C, Yates. National Mathematics Magazine. \ol. 12. pp 213- 
-1 ). l ebrnary, 1938. ' 

A link.ige for drawing ellipse is explainnl and illnstrate.i 
A .so., tlhpu.f^raph. J. A. V.mGn.os. .Set,.- .1 Science and .Mathematics. Vol 22 pn 

- anns are ni.ide to rotate about a p„int. "l he middle point of the line join- 

■ n.. .he nuls of thr arms w,ll ge„n,..e an elhpse. .Suggested by watching the 
"l-eniMU ami (l„s;ng of g;,u-s at a lailroad coding ciiv st,eet 
Uhp.,^,.p>,s. H.,x.,nd.,ll. ^cl,.pa,.<ha Hr,tan,n-, a, llth F.dition. lOIQ Vol 8 

p})- ^ . . , 

ilnu tnn.an^ a Sirai^ki I.nr. V. K. i uC. S<h...| Vk.m. an<i Matheui.a ics. Vol. 21 
pp. :)*)4 -538. June. 1921. 
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Ten linCaj^cv nrr i ihril. 'I hcsf inmlds art* very suggestive scientific tuys for 
mcchaiucalh niiiuleit boss. ^ 
Linkages* Joseph Hihcnraih. Maiheiuatics Teacher, Vol. 30, pp. 277-284, October, 
1937. 

Wati's appiosiinaic sti aighi line nioiion; TschehichcfT's and Robcit's approxi- 
mate siraij^ht liiie inoiiuM Unka^ts; Pcaucelliei's cell and Bi (card's exact straijjhi* 
line motion; i'cauceliier's n!ul Roheii's conicographs; and Kempc's angle tri- 
sector, discussed and illusuaicd» 
The Story of tht Parallcloi^jatn, R. C. Vate-i, Mathematics Teacher, Vol. 33, pp. 301- 
310, No\cml)er. PJIO. 

Paialleli>^ianis aie dissected with snaii;hl linos to fonn a triangle and a squaie. 
If the triangles fomied by jtnning the mid poinis of the sides of any quadrilateral 
are i ear ran L^ed. thev will coincide wii^h the icinaiuini» j>aralIelo£^rain. Parallelo- 
grams in nu)ti(>n are ilUisirated' with various linkage ssstcins. The patnograph 
and la/v toni^ are shown to be iliustratiuus. Other linkages are also explained. 
Bibliogiaphs . y 
Lirikai^t's. R: L, Hipp( sley. Encyclopaedia Britannica. 1 1th Edition. 1939, Vol. 14. pp. 

. i§:^ir>4. 

TEIFSCOFI.S 

Telesvope-Making in the West Allis High Sihiji^l. Harold R. Stanim. School Science 

and Mathematics. \'ol. 37. p\y Tilj-OjU. June. 1937. 

l)ireciion.s a^e '^i\en,on how to t^tiiuLihe ilisk aiui to make a telescope mount- 

ini;, Inexpehsi\e rn.iterials. 
Amatt ur TclescoprMakniii. Will. ml (ieer. School .Science and .Mathematics. Vol, 34. 

,pjx. 76-7^ , nuary, 193 K 
A Shclctor, ':lt'scoffe. F.. C. Woodiulf, School .Science and Mathemaiics» \'ol. 2, pp. 

340 341, 1902, 

Desciil^es ^ml illu^iii :iu-s :i sitnple workinc; modfl. 
Amati^ur Tt'ltsmpt' Makiui^. j.juu's I.. Russell. Scho<)l Science anti Mathematics. \'ol. 

41. pp. r>3 tV^. j.irHi.uv. \\]\}. 

Rccomtue4itIs ih.a bi-^ituu'i h.nc an ine\[)ensise telesc ope-makinR kit. Discusses 

the mirmr. ^rindiir^. pohshin^, the Foucawlt test, paiabolizing. aluminizing, the 

diagonal, the tril, the ih\k\ ihr c\c piece, the mounting ami ailju.sting. Refers to' 

..Amateur Tclr^cope M.ikin.;. Siit.iujiic ,\meiican Publishing Company, New York, 

as the trU*st(^j»e m.iker's •Bible.** 
Practical Adiin Aid in Vrlvuopf Makifiif. Henrv L. Veaj^ley. Sky Magazine* 

Vol. 2. pp. l-^ If.. .M.itih. I'V^S; pp. IS H..'Apiil. 19:^?^; pp. W f!.. June, 1938: pp. 10 

tF.. Mas. 103H. 

llomrrnadt* V'r/f*s( '7>^ s Ofx'ti thr ll^ai'rris to Arfiatrurs, Clitford K. Butcher. Sky 
.Maga/ine. \'ol, 2. pp. 12 ff.. June. i93S. 

Tu Ilnir and in Ihdd. Rolx-it (.:. > .Uis. N.itional M.ithrm.itics N!.ii;;wiiic, \*oI, 11. pp. 
2 4. OclnlKM. 19:19. 

Discusses projci is. desiit ^, ami (onstrut tions tn mf>ti\;jte hr^h school malhc- 
m.ttii.s inst t lu ( inn. 

The r.lficiefif^ of Ct rUiiu Shnftrs in Xature mui Tf( hnnl-j^y .\ suj^gested unit of 
insiiuttion r)n intuiii\i* sj^IkI ginineti*y. Ma\ liukes. M.iilu'm.ui(s Teacher. \'ol. 
32, pp. 129 1:^3. M:irifi. 1939 
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i imciits whitli can l>c canicil oui in fiiulin^ the nuKimum area for a given 
l^iitiU'tLM . sliapc of c\lituiiital tin c\n» of <)tie ({U;tit tapaciiN vviih least nmount of 
tin. niiiiirnal Miifaccs of vaiious so:i{) films, and other activities for an eighth grade 
course 'I hiiieen i cfc} ences. 
A Tlnrdd of Maihcnunu al Uisttn\ and Snnir I.f'S\o>is /.nv Ici^u^nti. School Science 
aihl Maili(.n).ui(<. \oi. 12K pp. :i7-t5, Jamiat\. 1^21 

DiMiJNsfs CNpciinu'iits fumul in W I\o\'s >S<)«ip Huhhi<s aiui the Fuues Which 
Mohl 'Un nu whiih result in li\pei l)oh)i(is of one ^\m:l. l\itabola<> are ilhisliated 
h\ (.ipillai\ :uii(»n. Kleseii li-^uuN. 

I'lhn /■ rt'fifuts uiOi M'ntnual Suyfitir<:. Ruh.inl ("nuianl. Anieiican NJ.tihe- 
nuilu;il MfMUhU. 17. pp. lJi7 17K M.uth. lOtO. 

r\})<'nni<nis with wiie fi.inus aiul snap sciluiion. Includes formula f<.T making 
a saiisf.uiun soap lihn viluimu. 
S'iffit Iff \'t;fii7i'.\ i'ufii-^ ('■•nic Snnnris. Sue .\\is lUake. .Sth«H»l Silence and Mathe- 
niaf.<s. M). pp. *jr» jm. Mauli. h»:ii5 

,\ di^(U^^il'n wl UJUICS aS IfKilld lO a S I I ( H I ( » HI \ , 

s,)t):r ,,f \fitufi'.\ (:uf:-r\. siuiide Ptninlu Mntrori. Sue A\is Blake. Schuoi Science 
an<l MaJiu'in.itnv WjI. 'M^, pp. tSC^ ■\^\). \Ia\. 

S niple pt'iKulic motion [)r(Jilueed l)% f.illin-^ hoiUi's and \)\ a ficelv swin|j;iu^ 
ui.tNS \i( ucd fu«ni \arii>ns auL;lr*i and aticci npuii lj\ \ain»ns fuues. Hiief lefcicuce 
fn a^: uinnni\ . 

Xi.'!ri\\ liutit's. Sue .Axis HIake SdiMol Seieruc iind M.ithernatics, \*ol. 36, 
pp. 717 7'JI. (^ciolici. WVM). 

Thr ^iu!f .nul sphcic in n.mne; p.naholas foimed Ijv pnjjectdes; plioto;^( aj)hs 
of sMt i!n fuiiu a lu'sc- fiMuin^^ .t j>aiahf»la. C.Uen.uies tUMled hnet!\. 
J.fi (>ht:''ii r!u<:-.n ii\ i.DTiw St'i inijis. (ialon Wooti Kwiii^. School S<icn( e and 
\f.uheiu.iius. \ul. |>p '^'7(> l::7. Mauh. 

\i[\M-^:\\)j^ uf a tlashli.:ht on (he wall to (iiffeient positujns lesulis i\\ 

i:\i\r, ( iUpsr. p.ir,jl»a.i. am! ! \peibol:i. lllusiiatrd 

l't-}tfu'.i h\ Suth,' f.irrjit-rit.'i of d I'Luir Tyinrit^lf. .Naiou Hakst. Mailie 
I'Ktta s I ( u hrr . \ ..!. J 1. 'js :il . [anuai s . WKW. / 

a (::i!r.:U'. tlir liixr (jf v\ h K h. I ^ Jisiil ui ni.i;^nMUile .md positicin and the 
.i:f a also \ ci. toust r ut t tm ili.it lux' ail niati'^ies has uii^ the same aiea: tlicn 
i -f IfHi ni tlie poifiis nf uU(rs((iU)n i-T inrdi.ms, pei p<Mutu ulaij; eonsmu'ted a! 
i.i il piKtiis id (he N;dfs. }i,M (i'its of at^-.iUs. .iMd .iliiiudcs Of all tnan^ies Iiavinj^ 
iMr >.iin*' ijf.i {«!• (he s'.'ai- Ij.isr Air : ( spn : i v c! \ a ^tIal^^( h:u\ .i ^tiaij^it Inie. an 
» ' ■ pse, .1 iJi I .1 ! I \ \H'\ III il.i . 
' !>■,:,' ni'tdyni-: n.r i'rjli /''. >■ .'ii. ^ ji.iiM'W n. i.mHi- sdiunl \( jencr 

:; d ^^.^■I;;■;^.,!M.^ \(.|. ! J p. I'M. i, 0)|J 

I M I ■ .i; N . -I ids r 1.1 :( k >)ini , .,M- • i* :■.':.> 1 I :. -^u ■ \ ■: .!^( .'f k af (i \ c iiu h 
' 'it ' \ J ' < c-.. ' 1 I hic.fi u Viisc t t: .< •> .;i : MO I' '. '/■ fji xj m- .js 1 . .| ; t| ; ffi • 

• - I i ^'• 'V ' I- pi !( r.l 11 A\\\ M» i! pi.-.}{i«.M ..j-.! i!if jlU ill hui;^ ni I fie 

[ . ' f I . . I I . : . i M . ' \,- 

■/ /. ■ ■{..' :•: :'. . /. '. ..r •• I }| r r. 1 iiiKit SMent (• 

: -d M (10- .! . ^, \ ..; 1... p-. .J I M.iM i-d i 

r ■ ;';<■ -l.vi.i I'j mi ;■.?.{ I,\ j, \\ m.>v»':i .Nr»- o.iailinl a LM"»iisrij 

\ p'-!;^!./-; .Ir( l Im{I(t1 fl..-.\i) "i-.i '.liKh u-' fi.MMU Or |»,{|l •<hM\v'Ti }»\ 

li tils Ml^jw ll.lrlj horn t)ic omI 



I 



Alipendix II 425 

.1 Pio)tittle l\x[}fi tnirfit . iKiai 1.. Si;in. SlIu)oI ^SoK^* aud M.iilu'inaiics, \'ol, 33, 
pp. a'>t) yjH. I)ca nil)L'i» iu:i3. "N^ 
All cxpcriinciU Ubiiij^ a stuaii. (.f waici' to siu)W piojcc tile's path. 
A Short FoucauU Vt'udulum. L. S. ami L. 1). Strong. Scliool vSciciicc ami 

Mathrmatics. Vol. L^S. pp. Tn 'JiW'S, Mauh. 192i^. 

Discusses l(K't)i\ of this pciuiuhim iuul gives chicthuiis uu how to make a work- 
ing nuulel with a su^pensit^n wire a little ()\er nine feel in length aiul a- fort)- 
pDiirul tatiiion (jall Un a F.i^hl fignies. 

Compound IJutmutdr A/o//.j/j Apparalus. tAril Ruhlniann. Sehool Stience and 
Matlicniaiits. 12, f)}). IW^ 771. Detvniber. 

Destuhes a simple appaiams fnr ie< inline Lissajuus' li^^ures. 
Sfmrk J(t't()}dniif (ff I issajtuh' I ii^uJt'^ in the I'Avvwnlary V}i\hiiS I.dhatnlory. R. L. 
EtlwanN. Sthoo! Stieiitf .md Madieniati^s, NO). 30. pp. W UllJ, N(j\enil)er» WW. 
Shows a(l\aniai;es t)f spaik letouietl figures cncr those usually traced with sand. 
A Dniujnstraljon AVp'-i^ntm h^r thf Cuvx position of 'i'uo Simple flanutjiiic Currtrs. 
E. Cr. riasierer. Sthnul Science and Mathematics, \ol. 3^ pp. 4:^i-r^l). A[)ril. 19.il 
ricinres a lu)i'H'ni.ide piece of appaiatus U) demonstrate ihc ct)ni[)r)siti()n ti^ 
two simple hamiDnic motions iwii \sa\s -at iii;lit angles and at parallels. Two 
pictures sfinw the apparatus and the ciuves ohi.nned fioni .\;n ituis experimt^nts. 
Mt rhafiual Dri'ia s fnr l)Ki:t nr^ I.i\uiioui' I ii^uirs. R C. (itdwell. Sdiool .Science 
and Marhcniauis. Vol \\\\, pj). iDn'i Innt',, Decemlier. I'.i^fi. 

I)eNCii[)li(Mii and dia»;i.nns of m.i(liint'> fnr hlatkhnaitl woik h^r ohtnining the 
sine and tosine ( ur\ c 
W'dlhitii^ fn: i C-linihiri^ 7' j/m. R. ('.. CDlur!]. Sdnuil Sticnce and Mathcnial ics, 
V(»l. ^'7. pp. ! '.7 \MK \ i !.in.n\. r)J7. 

Simple t■\p^■rlnu•n:^ iln- luNt if]>i( "f*}). 

in (Ud i nrn 'I\ii> /J' ;/.../. Cli'ihs '1. Knipp. Sihuol Si nine ami .Mathcm.atit.s, 
Vdl. L'n. pp. !13 1 hi. 1 rhiii.iM. Pvjo. 

l)es(iii)es .1 n»p ni.i'h- h\ i ( inif:ti \ --'di- ( diirur md.ci in ihe iiiuciccnrh ceiuuu. 
Of iiiieri-^i fln>M- :miM.iii!i(d with m.iiciial in the hocjk^i Spinnin;^; Tops by 
Jt/hii I't iis iiid SpinnriLl Tops and (»\ ioMti|>i( Motinti ) 1 (.Hold (a.ihtu'e {l.«'iig- 
iiKiU';, (wtin and (".nmp.niv. New N'tnki. 



7 A'/v/ (. I fn\ 

ll.f 7"n. ./ /»r:r;././M M. II, III I DirriN \{ if ! .r m 1 1 ■. : n Ir.jfh':. \n!. S'^. pp 
SI) Vl , I ( \\ \\ \ , \ 

1 1{ t i I -r « n . tinniv. .mrl !\'m, iiliiNi i »« 
U /(\ /' h /♦■.'/ -m'.'-- I ' t rr« f,- '»! \ ' ' ti ' i Ii /'■■/. 'j*/ \t rru 

\ • ^:.!' y -.'.th h'i:''t ..':./ lirjiuid I);i1.m»;i M i 1 1 i( i i . i ! n 1 i |. iu i , 

\.-' : J. ]'\' l\: -J M i\. l''^L 
/'.J / :ltr /r/;/.'. (. S i'iiA-l Stliunl \t .n t .Hid \t I : ! ; : f : M I n. M 

I'}) '. "i*^ '','). M.{\. I'JUfi. .\l-«o srr hi'Ii- i lU p "I'Jil n{ «> 

( . iI-nI : 1 :t ( ■ "f' \t\ J sihrml h'>\ It M'lii rii.ii-, \\'-.:;;' Mir. 'ird^N 

I 1 1'. I ; <■} ]-\ \\t > \ 111 h I • • ^ 

/■•.■-';■»; Af' ./ U nm.MJ ( f.:i,.r m M|.M \l 1 1 ! ■ ■ l:i.. I . i . \oI 
pp JM J-^. [n!^. I'l r, 

h: A.\'\: t:l: i.i ^Uii,d-' ;^ .-. i ii-njM.- . p ^.ir. - n {ii!'. • i i » -i i % i .• i:- f it iii v.t'J; 
i iH'i\-dj!-* lidit .11* U:i »■ m.;; k .i; s . 
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ihf 'insritutn of an Atijr. \V. W. i/wvns, Ainciican Mathematical Motulily. Vol. 44. 

pp. \:)[)"U)\, August SL'pltinhfi, WKVL 
Tiiscttion h\ means of an aii\iliaj\ curve: the *'l'okale." References. 
Triscditii; Any Afii^le h\ McanM of a U\iH'rh()la, \V. A. Knight. School Science and 

Matiu-ni.jlii';, \'ol. 10, pp. .^)?<2 583. OdoluT, lUin. 
Another T ust clion lalhuy Rnhcu K. Moiit/. .Schotil .Science atui Mathemaiics, Vol. 

(1, pp. {i21 (i*J2, 0(.l"l'l"l. pHul, 

Discusses errors in article by C. S. l-io\tl, see above. 

llif Trisrction of an Ani^Ir hy Mentis n/ a (hadualrd RuU't and Compasses. Clar- 
ence Ohlcndoif. .St.hyol Science and Mathematics, Vol. 13. p. 5tfi, June, 1913. 

Graphical Trisrctmn of an' AtiirU\ K. 1). l•ickeri^^^ .Vhooi .Siicnce and M.uhemaiics, 
\'til. 22. p. r.lH, June. 1022. 

A Machine for 'I'risectnii^ Angles. Alfred H. Tliiessen. .ScIukjI .Science and Math- 
ematics, \'ul. 11, p. 23iy, March, 1911. 

l,inc Motion and Triseciion, RobcH C:. Vales. National Mathematics Magazine, Vol. 
13. pp. 03 CO, November. 1938. 
A linkage for trisection of angle as well as bibliogr.iphy and llncc diagr.ims. 

The Trisection Problem. Robeit C. Vatcs. National Mathematics Magazine. 1: Vol. 
15. pp. 129-112. Dccembrr, 1910; II: Vol. I.j, pp. 191-202. January. 1941; III. Vol. 
1.5. pp. 278-293, March, 19.W; IV. Vol. 16, pp. 20-23, October, I9n: V. Vol. 16, pp. 
171-IS2. January, 1912. 

I and II: Tiisection using the following curves: the quadratiix. the conchoid, 
the hvf>eilM>la, and the cycloitl of Ceva. Ill: Fifteen nR"<hanic:il trisectors are 
desciibed. 

A Rase l.inkai^r, Trisrdian, anil the Rfj^ulnr I Irfita^uti. Rubcit C!. Vales. School 
.Science and M:uhetu.itics„\'t)I. .39. pp. «70 S72. Dt'cfuibtr, 193^K 

1 he link.ige tr.ues a f('urde:i\ed rose and acts as :u\ :uig!c triseelcjr. 
7V<'* Tfisefttnn Prohlrrn, j.nnrs H. \Vea\er. .School Stientc and M.iihematics, Vol. 
• )•■'•. pp. :V.)r>-59.'>, Octnl)rr. i9i.*'j. 

Discusses the solution ol .Archimeilt s ai.d one of i\ippus. 
See :ds(» books; 

Plane (fromctry, Mirick. Newell, and Haiper, P[> 1)2 113. 
Triu'ctinn, Robert C. ^*;iies. 

P^iyrr I'r.ldnic I'l Phinc (,r.'tnetiy, Srir.ili I.. Hiiiion. M.ithciii.ilics TiMcher, \*ol. 32. 
pp 22>. M.iv, VXM). 

. n«)W to dcinnuru' tin* fwi pi uilic uiar ( ten tif .i srgnuMit loui liie center of a 
(:i(!e vshfisc ;iic i«^ g<^'n. 
Vo'iM^' a \t*i*> nf Paj^rr uiin Ku^>t ti) I •urn ,i Ptu!'i^'ni. S(\\'mA .Science and Math 
ein:ui(S, \ nl. p. ]\\ia\ 

I'rncif that the wjnlai pcnr.pjnn is fmnud 
( 'instrui t:''n nf Ccn-.ir \*( (i.ytt.s h\ p,i*-''y Allird [. I School Scie nce and 

Mathrru.it( s, \f.I. 7. p[>. 'I'l"- ^'»7. i)iii.b('i. I'l'C 
See :ds(i iuuik^* 

T'.>i^ R. c: ^ AUs. I'p. "I 

i u n I, lOi P'lj" t [. 1 ccniini:. 
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Houdini's Pufwr Mncff^- Htanliiii. Pp. 117 110. 

PrtH't dt's Orii^intUiX de Consh m timis (U'omrlriqut'n. Fouri cy. Tp. 11.5-139. 
DlSSi.criOS 

Addilittri h\ Dtwrction, \<u\}v\i C. Yates. School Science and Mathematics, Vol. 40, 
pp. 8(U-S07. Dfceniber, 1910. 

Suj^^osts consii iictinj^ cunihoanl intjdels (colored poster hoard — about I4«ply — • 
is rcfonnncndctl) to dissect ^toininiic figures and rearianj^e parts into others: 
transfo. nriiion (jf a given tii.ini^lc to one having a specified .shape; transformation 
of a ^isTn paral!el<>j;rani to jnoiher ha\ing a specified shape; transfoimation of a 
(piadi ilaieial to a tnan^le. Refeiences. 

See also uooks: 

Mathcmaliitd lU crcatiofis aud I'.ssays. H;ill and Coxcter, Tp. 87-94, 106. 
A Comlmninji in I'lcvwnlnry School MaUirfnalics, Boon. Pp. 100-11 1. 
The Pylhaiiincfiti PYofH}sitinn. l.(»oinis. Many figures used in the geometric proofs 

may be shown readily by tlissecrion. 
■ Introduciinn ta Cromrln'. SicKIons antl Snell. Aj:)pendi\. Shows I'\ thaj^oiean 

Theoieni in coloied sections. 

Di'PLICATIOX OF TllR CUBE 

An A [yl>rif\i}}iair Sohitinti of the pyahlitti of tfw Daldication of the Cube, A, A. 

I)mitro\sk\. School Science :irid .\f;iiheni:itits. Vol. 13. pp. 311-312. .\piil, 1913. 
DcMnfit's ;i (JUKtinctioM \\hi(h ^i\C'S the ed^c of a double cube with 1 12500 as 

the d("4i ee of at ( ur.icv. 
Phr Drtix (itt'^fi (rid A tyl'ln utmuK of thr CnrK f oid of Sirorni'dt s nml the (,t^U)id of 

Diiidts. \\,\T\\ Ri.eser. S( honl Sticiue ;nul Malhem.nics. \*ol. 11. ])p. TWO Tlir), l)e- 

(entbei. 191 L 

A tiansLiiinii finrii t'mtni's I.c'(firies in the HisioM of Nf.ahcni.itii-.s, \'ol. I. 
Paitfo,\'\ \n!nii,>n lilt' Do I'lmittoTi p> >l-!t j}i. |.nM('s H. \Ve;i\er. St hot)! Stience aiul 
Mathnnitics. I:?, pp. 2H> 217. M.irdi. MUS. 

A (ircic dr.iwn nn .i imumiI i.ible is iisffl .is the Ij.isis fni ihc snhillcn 

I'SP Oi i^loMI iPJi U. roof s 

('.nfi\!r},f fO'OK :,i(h n l)i>u'!f / /.'».,'- >. K C. .Nirliib.ihr .•Xniriii.m Nf.i I hein;aie.d 

\fiuuldv. \ c>l 2"). pp. :r-^ ■'.<•>'. ()(ImI.( i. I'iH. 

( 'tti}tn('l r:i ( '>^i\t} oi loiJ:s \\. W . 1>. ?iM!i. S(Ih!(i1 Stic'Kc .md M.i I hiiu.i t k s , \{), 
pp 'i2> "iJ*). |iiiif\ i*»I<i. 

J I »ns.' I I K f :t >MS \\"|lh si? .t I ;h I II ! _;t' .linnr. l;-^h( W i I h < cH I } j ms^j s .liiMU*. foUI 

\\ M h iiiici" .)!tiri('. ^qii.iir ;iii'Mi'. 

(.iitr: <'.i,nniti\ Wi'rci \\. (..iiimImii. hnnl .ind \Vi 1 1 ;(■: ii.i : u ^. \'u\. !i2, 

pp. ViO. A|.m!. 

t*sin-4 (onip.issj's .ilmu*" hnw i'> (ni^siiiui tin- pMiiits of MiM iMit."i' i-\ .i *tr.ii^lit 
huf .ii:cl .1 MM !r. :ind Imw lu (onstiiiM llif pMint of im'ii m( l ;« ■:; i>{ iwii ^tiai^hl 
lines. A'»sM tin' hisi'ii\ uf {lie ppib't mj. 
(U**i>,ttr:(iii ( .">)\!j ru I i.>'}'i ...''.'W/ I hf ('.io>i f:: \ \\ .tliei H ( tni.ih.ni. S(hot»l 
Stit'iitr and \f.iihtrii s. \'o\. -m. iip \<2 H'l. Itliin.iiv. I'i'i'i 

( (iiisii IK I K'l's wliult AW pi>ss.!.ii- jiiil iinpussililr. i)s;}i.: uiiU J st 1 .li'^lUnlm- .nid 
s('( r t.illJiM Ih>i.Mdin-.; Ihr ifinpissrs. Jim t m 1st l Oi I »Hs .lir "iplinid IJsirJi^ the 
siMmlit/dLif' .dniir 
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dmstiut Uf'Hii u itli l.iffiitrd Mmns. Mniinii V. Sraik. Aineriran Nfnlhcinatical 

McMiihly. \(>1. 48, pp. n') vr;i). August-Sopit'inhcr. 
I'ht' Aui^lr Kulcf, the Marked Hider, ami the Cat ()niter*s Stiuare, Robert C. Vatcs. 

N.ilionai M.tiluMn.iiits Mii^a/ine. \ ul. If), pp. (H 7j. Nostuihcr. HJIO, 
Thvui) uf ilusc uisiruuRMits is a)nsiilfi al. The an^lc lulcr aiul uiaikcd square 

uf slu)\Mi to !)(■ irl.iud 1)\ the piiiuipU- of tliuiliu. Rcft'U'iRts. 
.1// iicomt tiital CfnistJUi lufii May He Made with Covifms^es. Michael GoUibeig, 

Sclmul Stic'iKf .tiul M.iduMn.iiits. \ (jL L^V pp. Our», Uv^ccinhci, 192!"). 
Sff also iUH)Ks: 

liulrr and C.nu po^stw. llihl.i \\ HmUon. l.inuiwii. I.u^^^lIan.^ (Jict'ii aiul C.uiupany. 

An ImtudiH tinfi (t) Mudt ni (ic, tirtj^. I . s. Shi\t'l\. New Vuik. Jutiii Wiley aud 

.Sons. Pp. i;r,. 

7.'-;/a Rc^hrii c ^.U(■^. pp u x\, pj -ii^ fit; ^i. pij 117. 

pjrncdtw ()r\:\nm\i\ -'r i^oiiU^ Ui tiifus (irfnticUKjui s. L. I'oiittc\. i'p. 4/-r)9, 74-94. 
77//. A/.l 77// '//C.S I.AIiOKATORy 

I hr Trn. hin::^ .<» .■i/:;r/.7,i /»v lMh<yititt))'\ .\tt lhnd. Chailcs W. Nt'uhall. Sdiool 
.Stiriuc afiii .Mallu-rii.nus, WA. r>. ))p. tl^--i". jjiUMn", I^h>**,. 

"Dftcn il:c siinU-Mi i.ni u^c to a(i\ :ini.i.i;c' a \\uu\r (jf an.uk similar In thai iut'<i 
ill ihc suliiliini nt' o.^^mI( (inn pl(>lJl(■!n^ ui unijiirliy. iiiiai^iiit; ihe pioblcin 
and {\\ in (|jMii\fr \\h.ii stt ps lo attain tli.it end, , , . To 

liiaki' .1 unitt (OMipU-ir .ipjHu .tlioii (^f (he IMclhnds o\ iIil- lahoi.itoi^ lo the Ifach- 
iiU' <>f al^fina. we lui-^ht make oI somr j.f tin- iU\icrs and ;3n aumMiuaus be- 
ftiic it ft'Mi ii III as cMciiuU. \v!u(h ;iic pjtuli.n in ihr l.d)ina!ni\ >iiidir.s '* 
S-n'i, l.xjh nt fit f ^ ri L/ihrn^itn'\ Mul hi tK.i! /. s tnid Ihtn /wnn/m. Iiankliii ■I'uiiic! 
IiJUis S( linnl S(:rlnr .iiu! t luiua I Ii ^. \ iil 'j. J)p jlili j hi. |uiU'. ll'ir,. 

})tn(iinni. (*\pt I iiiiciiiN uicd i!i j.;t<iini ti\- ( niijp.i* df \\\e iinh and {ciiil- 
iiii in. ki\\> (li ili.ii, (taift r ^r.i\i!\ uf .i tiian^lr. law ul u rr;niiiMi. llif 

]"lh Kala:i(-' in illu^'iat<' pii>pnitiijii ^^('^■ S{hiHi| .Sticiut' and Maihciuatics. 
N!an)i, I*.UM'« 

A-. Id mt' inti.'liui litHi III' lilt' Miljj(t! (.{ '.'i I mill I \ t!;( i;ii'ilniil iif obsfi \ atinn 
an.l csj.ri run nr i ainl 1 li( li( \r sliould. Ix r\l( riNi\( U iim I. To put t)tf its in- 
t = ' ['MM iiii'J tils: .11 si, Ml. ! ill |;;-.ai MJi'i.'I In llli\^^\il. 1(1(1 late t-) 

1 ' ' • ' ' ! 1 :i 111. >xl [ rl ..: Mr ] . 
\/, :/ .;//./'•"'<■'•).. ^ Kai I ( .i.M;.!,M Si i i . .t ■ I Si ' ■ i . a i.d \t il I., i a i ! m s . \ 1 1| . S, 
I ip T '» I 7'.?. 1 h 1 1 »ii (ici , 1 ' lu'' 

"1 \ ' <i > \ I 1 :1 \N (■ a-.M 1 ! ! i i 1 1 I In pi n I ,( I i { \i ' ( :m . s ' '. .(i ! |>i' 1 n-.;i lu ill i In' 
ifi-<'N M'-l «'aii:;ii;(t! M : j i ni ■ 1 r a. ( tin t«ii..« . 
1 • «' 111 III ifi<al i.i I j« a .i!. a \ 'H.-i.; {., 1 .< ,i"!' } ■ iiii'-f i 1 flu- pli\sits a.n 1 
' i ! '! ^' : ' ' ; vi »; I . : It . aid f )n ■ ' - ■ . < i" ' i ; : i . ' ; i- m« ■ Ii u i* ! ,i pp 1 1 ar 1 1 ^ iic* ( s 
n . Ill '.' -Ni 1 1 1 1 ■ 1 I n JH' .1 ^ni I n . ' ■[ -> i ; ij a < ; hi i nn i \ i i •« s 1 1 1 < pi i pi K < a 1 1 

:r.: Hi-' '■ , i\\ t 1 ) .1 ■ I I I j : , ' t I , I 1 1 'P I ; ■ ^ 

.'^ I n I "tan-. 1 . M. \N .! li ii:fliinii;« dun .1 1 !d. I .-i ■ \m a k : ■ i i .a In n ; si .1 1 iNt u 
t* d i-.r<MJi-.! t J .1 1 1 1 1 ii i{ = V. ;iu l;r^.^^.n\ i.il.i-, >!'i.,.!,| |jt Hi.ii!i- nut Ia lh<' 
pi!) [I|i'I'im1\< n. 

"1 III d:«- !»:!« ! I sl I .f aivf ; i;« ' .'ii i :! i:ppt'i « 1 isxn, ( .1 ir i iK,'a \'r f aktai that 

tl"* sJa.l'Pt .«iMn< Imi hnnsfit the maf^aial t"u 1 <.iiipiif immh. I)\ iiwasiiUMiient 
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ami ol)scr\;ino:i in ineLliunits, [jhs^iLS, Lhuniislry, nielcorulugy,, burvcyiug, and 
asironiniiy. ... 

•T). The accLir.uc tonsiuuiiuii of graphs might be considered an importaiu 
piohU-tu of llie iii.uhciii.ttical laboratuiy. . . . 
"C). The piepai.iiioii of gcoiiieti iial moilels is iinpoiiam, . . . 
"7. In the u-acheis' hhiai\ special aiteiuion should be given to the literaiure 
of applied inailuiiiaties. . . 
Exf)erifne}it(il (liDim hy. II. J, Chase. School SLieiice aiul Mathematics, Vol. 8, pp 

r)77-57<). OttDber. 19l)S. 
Muthet^iatit s. Willlain 1. C.aniplx'll. SlIkh)! .SLiciue and Mathematics, \'ol. 9, pp. 
3?<")-:^87. Apiil. \9m. 

■■Iii(licalii)ns seem tt) point to the need of a more practical basis for both algebra 
ami geoinetiv than \\v arc now attempting — perhaps to a kind of mathematical 
labonitois. ... If, howesci, the mailu'm.itical laboiatury comes. let it come, not 
as an adtUiion to \\hat wc aie now doing, but as a A.,:,-.tituic for pait5 of it. , . /' 
MtUht'tnatii III LahouitiM-y, School Science and M »" ncmatics, \'oI. 13, pp. 544-545, 
June, Wnw. 

In October. 1*J13, I'nisersitv ot I'dinburgh opened a laboratory for piactical 
iiisiuj(.ti(Mi \\\ innneiic.il, gi.ipiiical, and mechanical calculation and aiiahsis, as 
lequiied in liic applied m.ithcMnaiical sciemes, and for research in connection \vith 
du- m.iiheni.iiii.d dr:)ai iment. 'I hf piactical woik in the laboratory involves 
'^m h ftipics .i5 cinve fitting; consnnciitjn of cni\c*s ami surfaces; linkages; rou- 
U'ttrs. pitijfuiniis; phoiowiannnetn i map makimi; use of instruments omployed 
in I ul.uu ti. • Npt't iall\ slide inlrs. arillnnonu tris. [ilanimeters, intcgraphs, and 
h.nmo'i;(. .inibsris. ur.i[>hic "^olvit.on :jf numem.d etpiaiions; graphic and me- 
{h.iriK.i! s<'lii:;f)n ni piohltins in sj)h('iK.d ti i>;onoint'i i s ; nomography; applica- 
ficifis i.\ iii.iii-^ks \\{ \((i()is; iiinsiiiiLtion of t.iI)l(S nf new functions and functions 
not pi( \ inijNi\ i.ibiil.i rcil. 
./ Dftiii'i i.'-tfi, I Willi. im .A. Ausim. S( hool Science ami Ntathem.itics, \'oL 21, 

^e^^^.I'f■^ (la^^iooins \\hiih ha\e been cijiiippcd as ial)oratories for plane gecmi- 
t ti'i. ihe Libj)ia[i>i\ pnufdnu's ustwi, and the (piantity of work accomplished. IIIus 
ti.Ued 

/ \ J rw (.t 'rn'l'\ i'>. A I{.ii|ni. Nt.it hem.it :t s le.uher. \'ol. Im. p[). I*)7 Uil^, 
M.iu h. I'lJj 

\i|\iM.rhs n-i- 'IS.' i,\ .1 I 1 1 K.i .1 It -i \ Iti ihswi\ri ihri.icnis uf y^enllielM. 

^ »\ />; ( fdiid W-Ilitni A Atisr.ji M.jtlieinarics IcatJiei. \'nl. 

M> pf» .-f. f rf.ruaiv 

( ;(.ii;.M. nu'htiii i-f tcnhMiL: pl.iiic '""mi'frv with ilir u^c of mainials. No 
'.r .i'T"i : f I : f .1 ' :• n ri{}-i'S .itf .ijfr, 'U .1 J and fai^r ihe iintiam r- 

'■■ y /■ ";■ \. WJii.tni \ .\ i-i :■ inifl -.n-.f .\\u\ Matht: 

!•■ It . ' * ..; .' : ;■) • - VI. ) Mii.-M \ . I'.J 1 

1 ■.».-,. i ' ; " M i . .' ' J i ( 1 1 ; L j li .1 ; lie } 1 1 >i Ji I ' I .1 V > \ , ■■ k |- ..t )i J » ni 1 1 .is 1 ,1 h) fs 

I'l- '. I ■ ■ ■ I Iv ■ ■ . 1 • ■ ■ ■■ 1 ii . I I 1 1 ' j . s v: : I ■ ; ! . i u ". . Irs k s .i i I Isi) n mi I t < ij 

l!. s I i'- ' " I- • « ■ : 'i ' !( •..( ili:ijr: H-^rii fur ir.jli'.; iv (in* \\nik <if 
v'.i.'i ' f . 

'I...!i I :;i I t^ I i!i.:.N>in; I.M.ml, a I siju.iir. a St raighurfige and ^r;i!e, a 
j.inii .11 . I i--i;}{-i"^- : tM jn^lc. .iini .! tif flit- m.iiin.il. 

■■■ fwii »l.r. -V j I : • ' K !=:'■ jlljills }: (■ 1 InnhU' 1 1 ' M '1 .1 Ml \ ; ptTJOd- P>JpI |5 ff»l|o\\ 
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tlic liiicLi'dns in tlic ni.nui;il aiul pLMfoiiu i»c()nictiic cxpcrinu'ius ami svrite up 
tliL* tioics 1)11 wl uu ;nc t ailed pl.ucs. Single pciiods tliicc tla\b jkm wct*k mo used 
fin iCLilaUon work." Illusualions nf woik. 
.1 I a}i()uiioi% Mt'tinni of 'iccK fini^ Mdl hrindtii ^ iti ihr (./(/\s7»;u77i. ( .h.ulcs -\. Slone. 
M.uhfinaiit>» iLMdit-r. \ol. 17, pp. Ju«.> JJJ. Apiil. IDLM. 

(.)l)stM \ai itni. cNpci iim iiMlicM. .uul maiiipul.ilion aw fa\(iu-(l i.hIut ihaii 
llic (c\il)()<)k lurtiiMin. rn»l)lruis ui ihis nwiluKl aic dcst ulu'd. 
(*r(it}um a f aln)}at(tf\ S(irit(t\ [(jsi'pli A. \\Ih'i_i;. .S[li(inl SticiKt* and M.iilicniatit s. 
\"(il. lit. pp. <Mn n((cinl)(M. iM'Jt. 

.■\ t rilK isMi (»1 Wdli.mi \. .Xiislhrs p.ipcM in Schoul St icuct; and NLiihcnialics. 

Vol. J. p. 71. j.lIHMl\, H)'Jl. 

(^'tntiiijy ii I ,ah*if {iittn StifJiir. F. H. SuiKm. .SiIkhj] Sc icncL* and MallKMii.tiit s. \'o\l 

■Jl. pp. 'I'. 1 *r,h. Dfdinlui, Ui'Jl. 

I) VI iisvrs \N illi.iiM .A. Anstin's p.ipi-i in SchodI S( icncc and M;itlu*nialics, \'ol. 1^4. 

pp '.-^ 71. |.nni.ii\. \\)2\. 
(n"}n> ,/ I nf-i.ttUmy S/ jVr/rr Ii)hn (). IMr. S< Imju! Sticnic an<l M.ilhctnatiu, Vol. 

•J I pj) Th. '.r,7. I)rci'nd)cr. 

\ (!rv(i .si(in of Willi. nn A. Anst is p.ipci in School .Scictuo and NIaihcruaticSt 

\n!. I.M. j)p. :» 71. j.mnaiN, hH.M. 
itii'- tij I'l-nir (lM?^•^^7n xi'iUnnit a 'i'rxthonk. WxrCnUuv Slr^^l^. Mallicinniics 

lc..(;:«l. pp. 11") !rhin.ii\, l'»'jr» 

i / -i \ Mriiinil in Trdi hif,^ of ^ icorz/j-/ n . (!. .\. Austin. Mathcuiaiirs 

linlin pp. L'71 L'7'.». M.i\. !'1J7. 

D.sin^^rs .itt.t' k. piiu iduK*. .nid tivnhni'^ {t'( Iniiquc in the l.thoiaiois plan. 
f "'^tnut'ir. W'dfk lu (if T/iti}\. R M MiDill. M.i;j.ini.iius UmcIici. \"o1. 'JK pp. 

II 'Jl . |.nm.n\. \\i'M . 
"Ill l.iluii.iiot \ u(Miin('t!\. ilic pnpil \Miiks ,tii' ihc linic hriir^'. :ii Ica^i) as an 

niili\ hhi il. }\r \^(Mks with his hand*., .it a i.ihli*. usio'^ sijrj.no. pmir.uior. (oiil- 

p.I^^. ' .ih'. .nid siis* >is. An cxpi'i nufni js .i ipu viHui put m n.itnic. 'Mic scicuiilic 

spriit di'Hi.inds (h.:i he (Hi ilu* :iUm t to pni ipicstKiiiv lo M.iiuu' .md ih;a w r he 

lun.fNt ill u'lordin-^ the n-snhs \\c u.il'.; ^ct. nui nrn'sv.iiiK wh^i wc* ihink we 

on-^hi h) '_^i t. 

r he .M 'i: *.i fKfiiii ^ I til>-nfi!t}\ fi D'liir {..y V t t*il iz. f .[ Mut '.t tnnii, s. \. R,nnsc"\ci. 
\| I'lu ni in« s I iMdu'r. X'nl L'-^. pp. L'J.^ 2'^:^. Apiil. l!':^''. 

Ihr uioni iis im ju i pMicnt . hnliciin ho. ml. hookv. ihvJ Mj Micfif s. .in.! .ipp.n.uus 
/*' ( ■■ fft ln'.'in ,,f Phwn s fi^ni Wn'.hf inntK \ I I. h;vfinp. Ikjm] .Sucnce 

.11). 1 \l.iihj iii.ii II s. 'i, pp 1 NT.iuh, lOn'i 

\iif«;lii': (jiif.[:.iM \^!i;cli is (atrn .iskcd .ind \dr(h is ({ii.tinl\ nituli lo the 
p'^ i.i In Dm ihj'Nf vMiiii'iiu kiuu^ puic n I .t 1 1 ! ( " u 1 .1 1 ! i n .is \m1I .is siiidrnts who 

V iw n! unN iln- .i!is{i;ui rn.it hcm.i I ;c s' This iv. of (niiisf. .1 \ei\ dilluiiU <pieS' 
CfHi i«i iii-\%ci I h.i\c rii.id(* jn .if'.cnipt to tmd .in ans\\<'i in this wav. 

"1 li.i\r I'l in\ il.i-'^js ^^^\\\ studeiiis wlin h;i\e tiikcit ihis woik. hut also 
sn:d(*ii(N ul'i) h i\e idinc it) lis fifini (iiM cl.iss hi>»!i S( liools wheic I know that 
'if pirptiMu.n ill -pUT in ni.iiics is \<'i\ '^(kmI. I sunu'litncs asked for 

fhf pi.'.i mI vonu- _;r.innM )( .il (hroicin ili.it u e li.i\e hren iisin^r. .is for in<ii;iiuc 
Mm* Pn *.*nw.ni i!hi>uiii I h.i\e fu\(i \ft fMinid .t siiulcni \\uh onU the al)stiaci 
picp.u .iiinii '.•l*.i> u(Hili! .iKciiipt lo d( in<ii:vi!.i:L' one of ificsc ollh.ttul. While 1 
h.jvc f-niiui (h.n 1 l.ii'.;(* nntnhci of ihe stiidtMUs who li.uj' had the concrete 
-:cMnietr\ \^ete alih* lo j^i\e tlic deinmisti.ition ... as \)\ Nlilliken very aptl> 
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exprcjwes it, \ou can teach alt ih". physics you want in. algebra and geometry 
and then there will be plenty left for usV* 
An Atteinpt to Correlate Algebra and Physics, Willard S. Bass. School Science and 

Mathematics, Vol. 6, pp. 495-500, June, 1906. 
. Gives a proposed outline of course in physics and algebra. 
A General Science Course of Elementary Physics and Mathematics Combined. J, C. 
Gray. School Science and Mathematics, Vol. 12, p. 377, .N!ay, 1912. 

Work in physics and mathematics combhied in experiments and problems. 

THE MATHEMATICS CLASSROOM ASD ITS ECIVIPMENT 
A Mathematical Atmosphere, W. D. Reeve. Mathematics Teacher, Vol. 31, p. 387, 
December. 1938. 

Editorial discusses pit:;ures ai^i equipment for every mathematics classroom. 
Planning the Mathematics Classrdbm, Fred L. Redford, The Sthoul Executive, pp. 
290-292. April, 1936. 

List of suggested eciuipment includes chart files, shelves and table drawers, 
bulletin board, blackboard tools, teacher's file, museum case and show case, models, 
instruments, and other cciuipment. Architects* sketches for a mathematics labora- 
tory are included. 

A Mathematics Room That Speaks for Itself, Ktlilh L. Mossman. .School Science and 
Mathematics, Vol. 33, pp. 423-130/ April. 1933. 

Wall charts made by studeius include one listing seven rc(juirements for "An 
Excellent Paper," nine "Desirnble Habits to Be Formed or Strengthened in a 
Mathematics Course," another on 'T.arlicst Mathematics. ?-I700 B.C." List of 24 
other student -made posters is included. 
Stimulating Interest in Mathematics by Crratitii^ a Mathematical Atmosphere, Mary 
Ruth Cook. Mathematics Teach^-r. Vol. 21. pp. 248-2r)4, April, 1931. 

This article gives suggestions on hfjw a mathemalital atmosphere can be created. 
Some means are the use of mathematical models, pictures, proverbs, reading 
room, posters, exhibits. 
The Bulletin Board as a Teaching Aid. G. I'. Gaboon. School .Science and Mathe- 
matics. Vol. 28. pp. 867-873, November, 1928. 

Checking and clipping ai tides, filing clippings, the filing boxes, folders, back- 
ground for mounting, attnching clippings to background, titles, a "wire" tjulletin 
board, poiiable bulletin boards, time between changes, using the bulletin board, 
tvpe of questions, periodicals and sources of material, outcomes. 
Fugitive Materials, Frances A. Mullen. Mathematics Teaiher, V^l. 31, pp. 205-208, 
May, 1938. 

Esiablisliing a \ertical filL with m:jjoi hc.uiings: biogi;iphies^ other historical 
notes. pu7/les. cnher recti. nions, pictuies, pl,i\s. chib programs, humor, impor- 
tance — general, rcLjMon u> other fields, miscellaneous, to be filed. Sources gfven. 
Stiulents coniribnfe and rnainl.iin file. 
Mathematical Equij^-nent and Its Uses. H. C. Wright. .Sdiool Sticme atul Mathe- 
matics. Vol. 15. pp. 500-504. June. 1915. 

At L'nisv.'r;;y of Chicago High School each matlieniaiirs rocirn lofUained two 
large wooden piotraciors. two wooden SO^'-fiO^ right triangles, two isosceles right 
triangles, wooden straightedges, nine b1:irkbo,irtl comp.Tsses, fourteen foot- 
rulers. ten lead pencils, two small brass piotraciors. a S|)lieric.il blackboard, a 
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fuul slilk- ink-, :i cork hulk'tin buaui. (ilass liouifd cases for siorinj» of 
mechanical i!t\kes ami nioik'is. A case coiitaiiiiiig tweiity-fivc revolving panels, 
.a section of squareii blackboard, ami a supply of crayons; scissors and string 
also a\ailabk'. .Siu\c\ing aiuipnuMil inchuicti two transits, level, leveling rod, 
stt-el chain, se\cTal steel tapes, wiie jiins, led and white sight rods, and engineer's 
notebooks for field work. 
The Primary Vurposv of Tiaining in Malherriatiis—Xot a Kit of Tools hut a Way of 
Thinking. Kdiiii L. Mossnian. School Science and Mathematics. \'oI. 38, pp. 
992-1002, December, 1938.- 

Discusses well eciuipped classioom: plenty of i)iackboard space, a library, pic- 
tures i)f malhenijticians, slide rules, transit, models, charts and posters, etc. 
A Method of Makiujr Wall Chutes. N. A. Harvey. School Science and Mathematics, 
\'ol. I p. 510/ June, 191 \. 

A negative is maiie i)f pittuie or (bait liesiied, and enlarged to a convenient 
si/e— e.g.. 20" x 20"; ibis is attached to a nioiiniing board 22" x 28'^. 
See also bdoks: ^ 

Enriched Temhiui:^ of Matlwmalu-s. M. Woodiiiijj and V. Sanford. Pp. 104-112. 

MATiil-MATlCS CLUBS 

4 High Scliofil Mathemati(s Cluh. Chailes W. Newhall. School Science and Mathe- 
matics. \'(>1. 'j. pp. 32% :V}0, Nt.n, 190''). 

I)esciil>cs acii\ilies uiie t>f the fii.st st^^undaiN .school clubs in the United 
Slates; that at Shatiuik School. Kuibauli, Miuu, Contains outline of several 
topics and snj»i«(-stiiins for meefim;s. 
Sources of Pto-^iatn Matt-ttul and Smnr Tyf^es of /'^^^/;(^f;^ Work Which Might lie 
Vndt rtakvn hy Uii^h Sihaol Muthrmatin WAuh.s. Ruth Iloag. Mathematics 
Teacher, \'ol. 21. pp. 491^ ^n^. Decendier. 19.*^!. 

Piojccts include (omjjil.iiiori of du tionai\ of leuns and sjmbols used in hi^n 
school malhem.itiis. in.uheiii.itits s< lajilHuik. tonstr ucti(;n of instruments for 
ficUi work, KiitiijM; nf a histmv of Mi.itheui.itics for high sdvool students, con- 
struction of a si t of models bir solifj geometM daises, preparation of mathe- 
matics papei. 1)( monsiraiions arrd e\peiimenis iiulude soap bul)bb's and mathc 
m.uics, fimiiuL; of pi b\ (bame, [)apei foldint; and [)lane geometry, slide rule 
deinonstiaiitin. ihe sieel s(jnaie. Also itu hides .i list of p|.i\s. skits^ and dialogues, 
maibem.Uiia! v:.iines. topiis fni t;ronp or indMidn.d picbe'itatiof}. 
Mdthrniatu's Cluh /'m.^i/p^m. A. U.iim \V}u'eIei. Mathem.iiics Teacher. \'c)l. 16. 
p[>. No\eml)rr. PU^i. 

I.isls fifteen hipiis used in club pi c.^i .iins. AN<» i;i\es si\l\ eight titles and ref- 
eit iues Un icpiis in nirmlif i .md me.isUMn^ s\siciiis. (he meiiic system, history of 
aiiibmeiit . old ai iilnneius. somh- leiiiaikable numbris. cuiious pu;pei ties and 
bel jef<>, and moirjei t \ . 
Mnkiui^ Mntfn tn>iti( s /r^^■;/•^/M^^^ Augii-.t.i Uaines. Nf.itbeinatics Teacher, Vol. 17. 
pp. 101 IK). No\ejnber. 1'>LM. 

Infoifu.il club meetitigs and c(jntcsis as |.ail of class woik. Hibli(jgia j.'-- 
Jnunn Hii^h School Mathrtnatir.s Cluh^. Ruth Teisnn. Mntlurnaiics Teacbci-. \'ol. 
pp. 228 'Jl>9, May. 1911. 
NfatbcmaiHal recreations an*' games aie used as l^asis feu club meetings. Ref 
erences. 
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A Matht*matus Cluh, M^ry Caiuliiic Hattoii, Maihcmatics Teacher, VoL 20, pp. 
39-45. Januaiy. 1927. 

Acti\itics iiuhulc a slide uilc jjiujert, a sui\c>iiig stmly, celebration of Mathe- 
matics Week, nansit njicration, anil tihns lehitnij^ io inatheuiatlLs and its appli- 
cations. 

High iWio<;/ Mathrmatus Cluhs. /nhi Reeil, MalliciuaiiLS Teacher, Vol, 18. pp, 
341 -3u2. Octuber. 191^:^. 

Discusses a pujj^iani oi\ the sliih.' mlc, iricliiding insti uctions for coustiutting a 
rule; tricks and \ni/i\v pioljicnis such as nitks with cauls ami numbers; eight 
numher ih)nKs; mmi^s. Lonicsts. and games including puns fioni geometry; a 
shoit pla\. "'I he Math ^uest' ; a hike inio the woods to stutly mathematics in 
natuie; a del)ate un the metiit svsiern. Annotated bibliography, 
. Mathanatirs Uuhs, Helen Russell, .\liner\a Duntan. Relietca Swnes. and Mary 
Deih\, Matheniatits le.ichei, \ ul, 17, pp. 1^^3-285. May, iyii4; pp, 350-358, 
Ociobei, 

How tu organise a elnb; such connnitices as enteriainnient, library, history, 
vocational. prol)lem, "stmient helj)," l» .iiest, pii/e, Severa*! piograms are out' 
lined. Bibliography. 

i\lai hematics Clubs in the High ScfiooL Sophia Refior. .Matiicmatics Teacher. Vol. 

15. pp. 431-135. No\cfnber U)22, 
Discusses a few t)pic.tl [)i()gr.nns, 

Mathcmatirs Cluhs, Louisa Wehster, .Mathemaiics Teacher. \'ul, lO. pp. 203-208, 
June. 1017. 

Acti\itie,s of Homer Cobege cluh ;ue reponed. Topics inciiule anagyphs, 
Lincoln's debt tojnat henjaiics. the watch as a compass, alligation, use of imagina- 
tion in in.uhenia m.uheniatii.ians famnus in other fields, the meaning of a 
billion, nutheniatu n natuic, 

\fathemafics Cluhs m the liii;h SihooL C, .A, .Snell, .M.uheni.itics Teacher. Vol. 8. 
pp, 73-78. Decc-iiiher, 191.0. 

Mathematics Cluhs. Krank C, Cegenheitner. Sihoul Scienco and Mathematics, \'ol, 

16. pp. 791-792, December. 19b), 

Weekly meetings at which members proposed problems for solution and read 
articles in magazines lelating to niatheniatjas. Answers the ipiestion. "What shall 
wc do for the bright pupil?" 
Mathematics Cluhs, \L \*emon Piiie. M.nheni.uics reaihii. \'uL 32, p, 324. 
No\cnd)er, 1930. 

.•\cii\ines .MHLihle for a tlub with hniited ineniberslnp based (in honoi 
gra<k*s. 

Mathrmatirs Cluhs ui Srf fnidniy Si /moU, hvul.iU Sho<Mnirh. Si hdol .Science and 
Mathematus. \'(>I. I(>. {)p. lOti 113. Pcbruaiv. l!>bi, 
Des(rU>cs pnr^i.inis .md topics discussed at meiimgs. 
The i'Mruhmcnt of the MuihrnnitKS Couf.u\ H, K. Kiiei. t bein.H ii s IVacher. 
\'oi. 31, f)p. 3 T). J.nni.iiv, 193S. 

Activities uhich t.ui tie ctmed on .is i hiss woik oi in ilu- maiiieiiialics cinb: 
sui\r"\ing, ni.ips and n( .de di.iuin^s, nc. Rtfcii nets. 

Malhi-tnutK s (Juh nl Cm its Ihi^^h Sfh,u,L Isiher Swicdler. Nbithematics 
readier. Vol. L'9. pp 3'M 'Mr,, Ditembcr. I'.L'Ui; also m Hi^h Vuniis, Vol, 19. pp, 
'ij fe[)n},in. 1937. 

.Studving siir\<'\inu as an activity of the mathcnsatics iluh. . 
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Thf Mathetnatir^ ClubSlreavxline.d. Max F. VVei&si High Puints. Vol. 21,. pp. 74-77, 
October, 1939. 

Students sponsored a Maih Information Please program, math scavenger hunt, 

a program nn logical analysis, mathematical guggenheim (a parlor game called 

20 questions of "guggenhcim"), math bingo» topolunacies, mathematical charades, 

mathematical Professor Quiz. 
High School Mathematics Club, Radio talk by Norman Anning. Mathematics 

Teacher, Vol. 26. pp. 70-76, FAruary, 1933. 

Hints aLuut organization: Start a club library.- Put on>an assembly program. 

Try problems in problem departments of mathematics magazines. Models for the 

school display cabinet. 
Monroe Surveyors' Club, Morris Kaplan. High Points, Vol. 22, pp. 55-56. June, 

1940. 

Recreational Values Achieved through Mathematics Clubs in Secondary Schools. 

Marie Guglc. Mathematics Teacher, Vol. 19, pp. 214-218. April. 1926. 
Recreations for the Mathematics Club, Bryon Bcntley. Mathematics Teacher. Vol. 

2S, pp. 95-103. February. 1930. 

Dis-'usscs several which can be used as stimulus to class discussion or at club 

mectin^^. Thiity recreations chosen from algebra, geometry, and trigonometry. 
A Christmas Prnject, Muriel Bat/. Mathematics Teacher, Vol. 30, pp. 376-377, 

Deceniijcr. 1937. 

A Chrisimas tree was decorated with geometrical figures and solids as orna- 
menis. Suuj^ests a tree which is entitely geometrical: the base a cylinder, the 
stem a very narrow rectangular paiallelepiped. the main part of the tree consist- 
ing of several tiers of graduated trapezoids surmounted at the top by an isosceles 
triangle. 

The Chrisijfias Party, Ph\llis A. Holroyd. Mathematics Teacher. Vol. 32. pp. 352- 
353. December, 1939. 

Includes picture of a mathematical Cihristmas tree decorated with various star- 
po!\hedrons. 

A Mathematical Christmas Tree — a Picture. The Mathematics Teacher. Vol. 33, 

p. 337, December, 19^t0. 
The Math Star, Frances A. Mullen. Chicago Schools Journal. Vol. 19, pp. 169-172, 

March-April. 1938. 

Describes math maga/ine published by students, methods of organization, types 
of articles and problems, and other topics. 
See also books: 

Mathematical Clubs and Recreations. S. 1. Jones. 

Enrxthed Teachir^g of Mathematics. M. Woodring :uul \*. San ford. Pp. 8.5-100. 
THE M.'iTIlEMATlCS LIBRARY 

The Mnthrmatu s Eihrary and Recreational Programs. Helen TaNl<>r. .School Science 
and Mathematics. Vol. 30, pp. 626-634, June, 1930. 

Contains list ()f thirty titles of l)ooks with short description of each, a tiescrip- 
lion of ihice high school assembly programs, including an assembly sketch and 
scmg. 

I / i\t (if Reference Books and Mnf^azines for Teachers of Mathematics. W. D. Reeve. 
Mathematics leather. Vol. Kj. pp. 303-307, Septeml)er. 1022. 
Refeirnce IxKiks ami m.i^azines listed by topics: books of a pedagogical nature: 
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, lHHik> on iLMi^hint; of iiuuhein;ilics: books relating to mathematical topics; h(K»k. 
tcjiilaiiiiiij^ u'LUMimiial inali-ii.il; lH)()ks uf a hisluiical iiaiuie. 
lUhiiografuiy oj Popular Mathctnatit s, U, H. IJoytl. School Science and MathC' 
'nuilics. Vol. 38, 1HG-Iy3, lehiuaiy, 1938, 

Rooks cm hisiory, biograjihy, recreations, ■ emit hinent, ami souue material. 
Veriodicals on appieciation of mathematics, relation of mathematics to other 
fields, hisloiy, mathematicians, arithmetic, innnbers. algebra, geometry, trigotiom. 
ctry, piobahiliiy, measurement, physics and astronomy and the fourth ditnen- 
sion. recreations and problems, devices ami ccjuipnient, programs and contests, 
pla).. 

Xew Materials and Equipment in the Teachinir of Malhrmatirs, B, R, IJllsvik. 

.Scliool Scicme and Mathematics, Vol. 39, pp, 432-^111^, May. 1930, 

Discusses and lists books ami nia^a/ine articles, motion pictures, p(>sters. puzzles. 

etpnpnu'nt. evahiation insirutnenis. records, arid conmiission reports. ' 
A Srledrd Li^i nj Mnlhcmatics Hooks for (.f'/Zr^f.?. KIton J. Moulton. American 

Mathematical Monthly. Vol, 48, pp. fiOO '(iOO. November. 1911. 



f-ll.MS, SLIDES, Ai\D PROJIlC I'lON l^ilUlPMIlXT 
I n.Ms 

The PUi\ of Imagination in Gt ometry. I'lhn j)roduccd by David Eugene Smith and 
Aaron Haksi Rc*\iew by \V. S. Sthlauch. Malhemalics Teacher, Vol. 24, pp, 55-56, 
January, 1931. 

Mathematics lilms. M.irgaie* Punnett. The Mathematical Gazette, Vol. 21, pp. 149- 
l.-il. M.iy, 1937. 

Pxhihition of Mathematical Films. The Mathematical Ga/ette, Vol. 20, pp. 110-114, 
May, 1936. 

Drscrilies .Tiaihematical films exhibited at a meeting in F,ngland in ll»3n. 
Mathrdncm.itfcs. Grace Nl. Hopper. Anierican Mathematical Monthly, \'id. 47. pp. 
."if)") Mfift, October, I9i0. 

Animated cartoon technitpie is used to produce film showing iimat<uis. 
Mathetnalics Filrris, E. H. C. Hildebrandt. Mathematics Tr:iclier. N'ol. 3^. pp. 26 34. 
January, 1941. 

Films are listei' under headings: getunctry, advai maihematics. teaching 
of malhemalics. maihematics and art. maihem.itics and architecture, mathe- 
matics and nature, weights and measuies. money. m;uhrm;iiics and physics, 
optical insirumcnis, engirieering and industty. in.ith'unatics and astronomy. 
A Sci/ fjre Teatht'v iMoks at ilic Clasuoam f ilm. U Emmet t Urown. School Science 
an I Malhemalics. Vol. 39. pp. 312 3^)1. April. 19:^^>. 

( "r iiiiisins: thai edui.uois tend to i:l,uin t<)<» nuu h fiom the use of the moiif)n 
pictuns 111 tl\e d.i^srooin and cmbrate ihe ucmv itt \isual education to<i ragorh. 
loo m.inv films f.iil to iccogni/e ih.it lh<" unique fuiKtion of film is tn show 
motion; they cover too niuch ground, are too inclusive, kh) general, and often 
<U»wnnghT dnll; thev .lu- too iiiaccuiatc and do \un hal.mce the amount of 
deiad. l i.'^re ne (dtrn sM).i1| [)iit irritating technical nnus or f>nn'<sions aiu! ihc 
[)holograpfu is (jfitn poor Anim.ited diawiuu's .ir<' not rmph»\ed t<» best :ul 
vanta;i('. .\d\fMtising in snnu' films js objcc i ion.dde: mies of fdms :ne often 
mislea<linv4 an<{ lite cdjiing [)0()r. Projcdots aie i<u^ (•\[)(nsi\e aii<l (no ( umber 
some. 
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The Classroom I-ilfii, R. K. Davis. SlIiooI Science and Mathematics. Vol. 39, pp. 
0^7-4)30, October. 1939. 

Replies l)y a cheiuibtiy teacher to crilicisnis of II. EimtrtitL Brown in Sdiool 
Science and Mathematics, .Apiil. 1939. Impossible to pioduce a piclure lhat will 
please e\ery teacher. I-iliu cannot take the place of a teacher. Film can show ccr- ^ 
tain l\j)es of experiments which the bus\ tenciier cannot prepare. Visits to in- 
dusnial plants are suinetimes impossible because of large classes. The classroom 
lilm lias its limitations. The use of films will not lessen the teacher's load. 

SLIDES 

Lautvrn Ulidt'S. Fred L. H^\U. School Science and Mathematics, Vol. 6, p.p. 262-267, 

April, 19UG. . ' 
A Small S'ze Lanltnn Slide, Cilaience R. Smith. School Science and Matheinalics, Vol. 

29. pp. 530-33'^. June, 1929. 
Su^i^il^cstipns for Makni^ 2x2 Inch Lnnleni Slides with hiex pensive Fquipmeni. 

X'ictor E. .Schmidt. Schjol Science and' M.ithematics, Vol. 40, pp. 165-169, 

Febrnaiy, 1910. 

Lists Lujuipment and n\ateiials needed, discusses method of making slides and 
construction of the camera and holder. 
liomvfuadc Lantern Slides in the Teaching nf Plane Ciet.jnelry, N. L. Martin. F.du- 
cational Screen. Vol. 13» JanuaiT, 1931. 

Sixty slides ou continent y of tri.m^les. j).nalh*l lim*s. an«i other straight-line 
figures were made, together with sixty on ciicles and loci. Some slides were cello- 
phane and others were etched on glass. Sli<les were usetl lo introduce a new unilr 
as well as to show its de\elo[)ment and to caii\ on the ievie\v'. Anthor's ctm- 
elusion from stuch: "I. .A seiies of coir.'Iatcd lantern slides wmII increase the 
elfecti\eness of the piesent.uion of plane getjnicliy. li. The \alue of lantern slidtrs 
aj^jjears to \ary in\eisely with the n.itise cap.i(ii\ of the individual child. 3. 
Theie is a high degree of coirelaii(jn between athic\einent and the use of the 
slides." 

The Stereoptunn as an Aid to Ph^srs VV^jr/nn^. Charles F. Valentine. School 
Scierue and Maihemaiics. Vol. i^S. pp. 78-80. J;nuiai\. 1928. 

"Onl\ iw'o (;r tluee slides an* .selected for an\ class discussion period. The 
shdes :rnl^t be seieLied uiih paiticulai aiKMUion m their use in ihe lesson plan: 
T'le shdes must ha\e a shoit fjjcus and ihiow .i l)!illi.nit ini.ige on a blackboard. 
'Vlie sieieopticon must h.j\e a .shoit focus and throw a biilliant im.ige on a black- 
''O.ipd; it nniNt be s.UiNf.u t(.i \ undcf oiditi.iry ii'^hiin^ (ondiiinfis. and should be 
l-'C.itcd (Ml (hr iu^lllHt^^^ dc^k and be in^t:lnll\ a\a.!.d)le .it all linu's bv merely 
piessiii>» a button.'* 'Mu' bl.itkbo.ml \\< ;i t!;e ifi-tn «■» not ilaik- 

ene<l. "'Dm: (|U<>tlnn is in'[ huw m in\ ^bdcs in \ horn, but Ihjw they are 

pi esetued.* 

sH oi.R WIS 

('>rr)7i]ftric StrJC'i^yajr:^ 1 P' : i' f f'>r \t.ikt''i\ ^"Ini ( .r. nfirtty Tarii^^ihle to the 
Aierac^e Slndcut. W'.dici MumUihi. M.ilhMu.iins 'I'r.uhcr. Vol. 8\jp. rj4-l3l. 
Maich, 19U). 

Dnettinn^ gi\'-u f'u pmdufin.: fr;iurs ki\ ^'riMueiiic 'iolids with icti and blue 
Hjb'i'.d |»fn(i!s. 1 Isr^e .or \ir\\Mi with ud .'ud bl uc .Nt fUoNt i jpic spectacles. Can 
be (Ucduu'd b\ sliulmK. 
S(f iC'u -'f'lr } lai)r,-}yuf Cunr^ Willi. nil V. K;J.^^ S< Imci Sticiiif and Mathematics. 
\"'>1 LM. |.(> L**) "^fi. [.niu.iu. I'.CM. 
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Scientific Use^for the Stereoscope, Aid to the Imagination in Picturing Space Models. 

Scientific American Supplement, Vol. 72. p, 117, August. 1911. 
See also boors: ' . 

Excursion in Mathematics, E, R. Bicslich! 

Basic Principles of Analylic Oeometry, W, A. Spencer, ^ 
DiagfQjns in Three Dimensions for Solid Geometry, E. R. Biesiich. • 
Mathematical Snapshots, U. Stcinhaus. Hp, 42. 44. 68. 72, 73. 77. 79. 84, 85, 89-92. 

94, 100, 102. 105. 
Les Anaglyphes Ceomeiriques. H. Viiiberi. 

IQUIPMEST 

A Universal Projection Lantern. ^ J. RcnclioilT. Schcujl, SiieiKC and Mathematics, 
Vol. 9, pp. 295-298. Mmch. 1909 

Directions for constructing a larr.crn wludi piojecis jihoto^raphic slMes, micro- 
scopic slides, apparatus both transparent and opacjuc by either horizontal or 
vertical projection, and printed diaj^ranis. 

A Reader for Microfilm, Herman Bianson. Sth(»»l Science and Mathematics. Vol. 
40, pp, 41M12. April. 1910. 

A visual magnifier made fiom a cornnieicial htnocular \ifwer for 35 mm, 
film strips at a total cost of nhout cif,ht\ cents. lMj()ic)f;tn[>h shows viewer in use. 

Microfilm Iiquifment for the Individual W'orkrr, Herman Brandon. School Science 
and Mathematics. \'ol. 41, pp. 140-143. Feljruary. 1911. 

A microfilm camera apparatus is assembled frtMn a 35 nun. camera and an en- 
larger stand. Focusing, choice of speeds, and fdm stock i}Ci:dci\ are discussed. Two 
illustrations show the completed microfilm cimna and the pmjcct<^r ready for 
use. Ficlinols are being made at a cost of about a fraiiuv * 

A Pupil Operaior Scn'ice for the Projection of Visual, Aids, Walter W, Bennett anc^ 
Lewis S. Edgarton. School Science and Mathematics. Vol. pp. SSfi-SfiS, April. 
19,^6. 

Description of a visual aid s\steni,of a Rochester. New Vork. high school which 
riiakes use of student ser\ ice in operating the projcciion machine and keeping it 
in repair, and emplo\s students for the cleiical work of assigning the machine 
in teachers and procuiitig films retpiested. A chart sho\\s relationships of the 
\*isua) Aids Corps to other groups whereb\ it becouU'S a (OireKiieil extra ctir- 
ricidar activity. 
See also i^ooks: 

Enriched Teaching of Sfathemalics, M. Wt^odring aiu! \*. Sanford. Pp. 89-95. 

C()\ti:,':ts 

A Mtithemalus CnnttM-^Hs Rrlation to the Cienrral Prnhlcm of Individual Differ- 
rncrs. Raleigh Schorliug. School .Science and Marhcmaiics. Vob i.'i. pp. 794-797. 
Decomher. I9r>. 

Rules agrecti ;ipf)n ftH- a contest between two high school teams of six students 
each ch(\sen from first sear classes. A written and an oral contest were held. 
Mathematus Hrla\<: for Hit^h Schools. 1 icst H. Roch. Jr. and Thomas H. McCor- 
mick. .Nfaihcmatit's Teacher. Vol. 8. pp. 116-123, March. 1916; also in School 
Science nrui Mailu-malirs. \'f»}. 16. pp. 530-3:^r>, Jim*:. 1916. 

Cla'is di\idcd into teams of four members rath. Ail teams work sinudtaneouslv. 
Prac{i(e is gi\cn in the fom arithmetic procr<iyics. In addition, for example, the 
teacher will dict:ur two ri\r digit numbers. The first member finds their sum. 
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the st'cuiid iiRMnbL-r aihls t:ic sum ;i!ul tlic bocoiul nuinlRT. xhv third iiu'niboi 
adds the fust ami second sums, the fourth member adils the second and thiid 
sum, the fust niemhei adds the thiid ami fourth sum, etc., for 'en cases or so. 
Similar problems are woikcii in subtiaction, muUipIicatiun, and division. All* 
schuol teams are clu)sen atid these may compete in inteistnuul contests. 
A Mt^thcrnaltcal Contest. Edi^ar T. Hou^hn, School Science and MatheninMcs, Vol. 
17. pp. 31^9-330. .April. 1917. 

Rules and type problems used in a contest between Maruhd Arts High School 
in Los Angeles and the Pasadena Hi;.;h School. 
A Sexv Form of School Contest. J. T. Rtjrer. Kilucalional Re\iew, \'ol. f)?. pp. 339- 
Ap^il, 1919. 
A track meet in mathematics. 
Mathematics Teams to Motivate Drill Wtnk ui Junior Hiu,h ^(hunh. R. \'. Ki'ssler. 
.Mathematics Teacher, Vol. 27. pp. 2.'5-29. January, 193 - 

Iricludi'S a list of content rules for a tuuinamem and sui^gt'siitms foi • >ndutting 
coru petitions. 

A ComputiJig Club, School Science and .Mathematics. Vol. 31, p. 1037, December, 
1931. 

• rxlitorial suggests organizing a rapiil calculating club in sciiooi?;. "It may pre- 
.vent a '.xilure in college matherrU'itics or science." 
Mathematics Contests. Ernest H. Koch, }i\ M4tlR'mati(:s Teaiher. Xol. 9. pp. 179-I8fi. 
June, 1917. 

Discusses nature of contests and desciibes a relay cornpeiition in algebra and a 
'"crisscross" relay in addition. 
A Ceomdtric Recreation. Isabel Harris. School Science and Nt.i them. j tics. 20, 
pp. 731-733, No\ ember, 1920. 

Rules set up for si\ contests in a class in geomeiiv. ^ 
A Mathematical Contest. Helen M. Walker. Mathemalit.s Teacher. \'<)1. 20. pj,. 
274-279, May, 1927. 

At a meeting of mathematics tcaclurs", foit\ twc) ai titles wire pi. tied ml ixhibii 
and those present were rc(}uiied to ideniifs a tirm fu>m eliinint.nv mathruMiics. 
Can be useti b\ a hi^h sclu>oI or college mathematics tlnb. for a >(Ium)1 <'\hibit 
or a meeting of teachers. 
An Algrbra lia.<.rhnU (same. M.ithematirs Tc.ichei. \ n! 23. p(). .''.17 VJu. M.u. 1930 

Rules :\\Q given fur a "classunnn" game 

See also mK)Ks: 

"I ^ 

Enriched Teachin^^ of Mathematics. Nt U'ikmIiiiii^ .iiid \*. .S.infon!. W SiJ. 

ixiniurs 

I'xhibit of fliy,h School Malliemtilif s- -lis }iisi<i^ and i.dm iilionul I'/ilnf W. D. 

Rtc\e. Scluif)! and Societv. \uL 2. p[K 19! TC. .\n-^l^t T. jni",. 
A Mathemntical Alniosplifi r ()li\e A Kee. *I he "1 bud ^(Mllltll•l^ ni il".- N.i(i(»nal 

C'.uiint il i>f Teai luMs of M.illiem.ilit ^. P'J^ I'p. 2^^ 27f> 
Ih.' Mathrmaticnl CnlUdion. (ieorg W'nllf. I he Ki;^h'^ ^'e.n!J'>(>ls df ilie N.iiion.d 

Cotuicil of TeaduMS tjf M.iilieitiaii(s. 19!^^. Tj*. 21b ^13. 

Mo<leU iilN^^rl(im4 ihe p.ir.d)nl.i and p.it.ibt»l(»HU. .i pplu .i ( r .i in urcime'ix 

.ihd alL,'ebia l"if{\ tlnee fi-^iiM'S 
fifll'irif^ .\ititht rritifK iiith an Iwhihif. \Nilliini C Ki.nliWMhl \1 iH n ni.i t ii ^ Icuhei. 

\r)l .'^l. p|. tls Pebrnan. 19'^^. 
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I villi, lis s| s.Mn! h\ C.lm.r^i' IhkIi Ntlumls ,11 A»lii*i IM.iiift.iiium li.(\c a> lliuir 

i.j.jri • III vhnw ilu ttinial and lmi l.isuu^ militaiiaii chaiattcr of mathematics 
l.dth 'tniii i!ir j»i.ii;m.iiu as \m !1 ;i> iIh' nrsihctic j)oints of vir w, F.xhihit articles 
au" m.nlc h\ Miide-ms; tin- (Aliiljit is (hanj^cil cst-iy (iiiartur and is built around 
.1 ((Miii.d ilu-mc. I'lihlititv ^ivtMi tinou^h ilaily papus and other mediums. List 
of tlnim-s Midi as .tppli(ali()Ms of hiL»h school iiiatlu niatiqs to games of chance. 
innUipliianun willunit liiinkin^. usinj; niatlicmatics to deceive, how mathe- 
mains is used in i lunches, how ihc ilcsi|;ner of dresses uses mathematics. 

I'snii^ untl r}i'l>uiirr^ a Malfirtnali( ^ Exhibit. Wilham C. .Ki athwi)hl. School Science 
ami \Iaiheni.i(iis. Vol. 39, pp. 702 '/tHi. Nosemher, 1930. 

DisiiiNses m.uheinatifs exhibits pu'paied hy Chicago high schools and held 
at the .\«ller Planet.uium. Mmlel hiidues wefe made by stuileuts showing how 
niaib.emjtits was u^ed in their consiiui tion. Interest in making models can be 
aronseil tlinni-h spirit of compitition. Reading matejial in exhibit shoidd be 
iti leiier< laige enough to he lead ten feet away by person wearing bifocal 
gl.isse<. Mtult ls shoiiUl br plainly m.n ked and. as far as possiblr. in words of one 
svllalde. CaMU'ious use should l)e made of colors. "(;orgeons leds. ota^ges, blues 

' and L^ieens. if ihey do not dash. ladia'te happiness and cheeifnbuss. . . 'Vitr^ctf^;- 
iioU's of a siuci-ssfnl e\hil>it are simplicity, ease of obseivution ami artracti .eness.*') 

\tn\i.t mal\(<i Exhibit at .idler Vlaurlarium. 11. MLCartney. Junior College Journal, 
V<il. 1). pp. 2:A 2:>3, Iel)rn;n), 1939. . 

MaUu'inuti(% Exhilni- H (nid's i'nir, Chicago. Lillian Moure, Mathematics Teacher, 
Vol. -pp. 1 sr>. Dcrt jnber, 1933. 

Lists f\liib;is in arillnnviic and ah.;ebr3; applied mathematics: a.iai>sis; geom- 
(■ti\: Jol:.n:sson"s gauges; mathem.itical recreations, inchuiing the Mystic 
Niunliei M.ulune whidi obtained an imknown number through the application 
of m.t-ic sipi.ncs; I'oilock's Models— -tirnig figures on-.frames: skew cur\e projec- 
tiou; Kuti'prta! foiie; applied centiipctal force; Galton (juincinix; computation 
of (I!- noui.ij^Ij; iIi.iihfUKiiiial machines, such as the hatmonic motion appa- 
r.uus. NtuiieKon's haunonic anah/cr anil ssuthesiar. (ioiu'llas planimeter. 
Irhn-ns fu.uliiia' illuMiaiing the factoii/aiion f^f a numbei; g\ii compass re- 
pr.jui. jn I'dvn.iniiLs, panlf»gia[)ber. 

MaUif-nuxtK \ l:\hihit (it thf Cr^z/i^n of Pim^rt ss Exf^c^itinn. B. Uraseimau. High 
I'u)nt-. \ «'l. |h. pp. 3U-:n. Dtctnibcr. lu:U. 

l iwud .I///S rit ihr \Vnylfi\ l.iD- A Knynl Rnad to Knowledge. C. Tordney. Nation s 
Schodls. \ oi. 13. pp. ")')•. •')7. May. 1931. 

Mmruui of Sar^nr a»Ki Ititinstty, J.icksou Park. Ch'ca'^o, Illinois. 

n.is a nKith<uuni(s lAhd)!! (onsisting of Calton**- q\jincunx. a device fr^r evalu- 
aiitig pi. e!l.pNograi)h. a slide lule e\hil>it, a Michelson lunmonic analy/cr of 
twriilv triniv an f\li:»nl usiui^ a [)hotionic (ell fnr ilu: sinninatioii of a series 
whose leiins ,\\r nptrsnnnl bv tMju.dU s[).icol liv^lii^. .i numbtT of models of 
ruletl snrf.iVis. a i(»iaiing cnru- in .i pljue braiu (»f tight to sIh)W the cfinic mt- 
linns. .1 di \iie fni fv.ilii.itm- pi by ttissing a coin on a thc( keil)oaul. and a 
p.ni of lUa(.kbuin ptiicbiluuis im (he pioduction of lassajous' iiguies with saiui. 

Dr. I)in'u! i ui^'Jif Simth's ' ^ift nj ,\Juth{ rtifHif nl lyistrnmrrU^ 'n C'>lutnhin Ihiivrr- 
Sd-.ool aufi Sodttv. \ol. 13. pp. 313 Marth. T'^n. 

P/ij/rr id thr MathmtfUir.^ Exhihit at thr ihna'f MurUl St hool for (,ttls, Malhe- 
ni.uiis Ir.ubri. \ol 1^3. p. 3"'). |ainMiN 1930. 
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A M(itht'rui!u\ L\hi!n!. M. Coucll (iic^oi). Mathematics 'I'eachei, Vul. 23. pp. 

(^laplis insuUiti^ lucal hiaiisiics; ilchlgns fur linoleum, wallpaper, doors, and 
uiihlows; pi)!\hediuiis; a solid ^lumeiry thuidi with hexagonal pyramid tower 
ami nianmilar [^risin ruoif ^^cunini y in liic houses of piiiniiivc people. 

A Unique MallurnaiUs l.xhihit. Rnili Wilson. Maihcnuuiis 'i'cacher, Vol. 30, pp. 
I^S-I2i), Maich, I'fM, 

ruder ihc title ' I'he IMatiical Applicaiions of Maiheniaiirs in Various Occu- 
paiions and Industi ies," the luatheinaiiti d/,paiinicnt heid an exhibit based 
MM lutal usis. 1 he eli-diu: and puwei company coopcraitti in making several 
ihaiis. as diil the ti'liphone toiiipans^ life insuianec lonipanv. city engineering 
di pai tnu'M^. i.iihoad, and luial auhiieit. 

U'nntinade MathriuatK s Lxhihii, William .Sell. Ameiicaii Mathematical Monthly, 
\ol. 40. pp. r>r)j j.'jij. .\(»sendjei, 

i'.xhihit )our MuiIk fnahi s. L. Monis. llij^h Puini.*;, \oi. 16, pp. 22 2j. Dccemijer, 
11>3I. 

Miilhcrnatui Dt^pltw at a Sdtaul l,\hihiium, .School. \ ol, 28. pp. 130 137. October. 

• I'he Lxhihit a Supjdt mmlmy MrtlnxL Ci-}stallogia(fhy\ Harold J. Abrahams. 
-Mhnol Sdcnu and Maihcinaiiis. \ol. 3fi. pp. T>i) Dj(3, Dcceinhcr, I93f). 

K\hibii in whith duiniial and minrial cr\MaU aie gioupeti, according to for- 
maiion. with cclhilojil mndcK. Dt^eiipiioii of die six main gionps into which 
all u\Mals nia\ be disided. Diu'ciions lor making the models ami preparing the 
crystals. 

riiijo t — Tn hnitfucs Hiluinc tu r\hthuiutis. Maiiland \\ Simmons. School Science 

and Maihem.iiiis. \ t.l. V), pp. jji i.ss. M.iv, I'JU). 

Wmiicii for a stiiiue exhihu. ihere aie man> su.v;^estions uhich can be used 

in die niai^KinaiKs i-xhil.n. Siiiiuiriii lime must be .illowcd. Creation oi desire 

lor this uoik is essential, i'lojeits should be wnikable. unusual, and varied. 

Mandaid si/e utoiuuieiMU-d is iwo feet S(}uaie and not over three feet high. 

l)elmilc chetk-jips (»f pio.^iiss must he made. Piojec.is should be sulHuiited weeks 

befoie the e\liil)ii. Lxplan.iioiv po\feis should ser\c as guide. 
Mathtr/ialiCfil / tisn ufntfits. 'D.tsul UavandalL I'incsclop.rdia liriiannica, I4th Edi- 

tiou, VjM). \'u\. IT), pp. OP 
Matlictnatnal M'.kIcI.':. \V. Cusvms i:nc>clop.edia Hiitanfiica, I Uh Ediiioii, 1939, 

\ ol. 13. pp. 72 -7 J. 
bee also iJuoKs: 

r.nrirhrd I t at hin^ of M,/;! ^ i':.if., Nf. Woodiin-and \*. Sauf(Md. Pp. 50, 101-103. 
ICS, 110-111. 

/V AYS 

Auf'imrdr^, a Malhrvuif n nl (,i nn,s. Ni-m i I'c.nl Ri-id. .S( honl .*^(ieu(C .tiid Mathe- 
matics. Vol. 11, pp. 2il 'JM). Maiih. Pjll. 

A pi i\ d^:\r!n[)ril as a ficiiiw.' .uiixitv in a ui.ii hciu.nics das.s. 

Tiie I:irrf.id 7 r.'/i>/-.V. A pKnlci. (ieiald R.iftcrN. M.iiliemaiics 'Icariier, Vol. 26. 
pp. ^"i-'.C. rthinars, \[yv.\. 

rrft-.ttiau's I'lUt (o the Liind of ihr Mnih' nr,s, Kthih IbuK* i'airiMMi. Nfathc- 

matics TiMdu'i, !U . pp 7 ].•<. Jamins. 
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An iiiM^iii.iM juiiiin> III iIk- .iluiuc ul' M'HR- tjf ihi. j^u.it liKUlictn.ilicians," In 
iliidt's jJHHhu iM»lt ^ tf^.itilii!'^ MriicM. plnjicitus, and costnnics. 'I'hc 

cjiiNndrs :n u iicJii u'.ci'UniM. .iji|»l;i.itiniis df In.illifni.il it s in ,nu icnt linu'S. aiilll- 
luetic, .il^ehi.i. ni.uln iii.iti( s ni the- MuldU' A-rs. ;ind the luund.if i(»ns of modern 
ni.tdu iii.tiiis. Hil»ln"^i .'['liN . 

i'ailni'^ m I itrr .nih i'iiiirt ( icnnif >\ A (unudy in two iiLls. tamliuc H.mon .uul 
Dili is M. Siinili \1.iiIh niaiii^ IlhIu-i. \ pp. inj. Nu\rMdjci . 1927. 

Intlndcs nl pn-prriMs and diir(fions foi d.uui-s :nid innsii.d ntnuhers. 

lldtlini'l a M-inirn.tHii s /'/./\. .Silmol Si irnu- :iim1 M.iilirin.niis, \ I t. [)p. Tj^!^- 
').S7. OdnlK'i I'.d 1. 

A (IfNC'i ipHdn i\\ .1 pl.i\ i('[»uin'd in the Nt.idu ni.itii .d (..i/c(te. Il is based 
un the luKik. "1 ladaiid. " ( liai at lia s aie listed and d( S( j iptinns <^i\cn f(»r fue 
su-nes. 'V\\r ainUtaue \ieus the pla\ fioni (he fMl(on\ o\ i!n' andilnrinni. 

(It i'nit !'\ Uutna^iizf.l. A sihool pla\ in une ail Kini:i nuUI. Mailu jnalics 'leachei. 
Wil. L!l. pp. mi. li-hin:iiv. IMJS. 

It CU'i't lliipt>r>i Utif. A niadirniaiii.d innsual laue. A. Maiii; Wlielan. Ameiicau 
Malheinarnal Munthlv, \ ul 13. pp. tii: li'J.^. Ni.Nenil.ci . III^--^. 

A I mil' f"ti> 'u \ to the Laud af ^^^l{hl■In^llll \. .Ahn.i I-., (aawfnid. M.U [leiniUies 
leaihet. \(>h 17. j>p. :V^ti-:MJ. ()(tnlKr. Hilil. 
.■\ [d.iv in thiie acts iia>ril nn "Khil; Math Ridis ilie \\i»i!d."' 

.1 Ma:ht y:nt.ial lanUi^s. l-.h/al»elh B. ( n\\U\. Sdmnl .Si it nu- antl Matlii iTi:itii.s. X'o). 

j)p. .ori-.^i-.tJi. MaN. \w. 

A .\tiit},t ni'itii ai l'l(tfn^. A pla\ in luf) ads. Silmol S( it iu i- and .MaUieniatics. Vnl. 

17. [){). 1>2. Jnne. I'.d7. 
Mr. Cliif'^ 'I'tnthts (ir^^nnDx. John |. Shra. School Su« n( e and Maihcni.uics. \"ol. 

Ul. pp 72') 7Jfi. OclnhtT. lOlH, 

A p!.i\ f».is('d cM a !o(nN [Uohicin. 
Kai!u\n .\hSi.i!(\. Sihi'r,l Siifntc and Maduinat^( s. is. pp 'd I nill. ()( tuber. 

lids 

.AtliipK d lit-ni Siephcn I a a( m V/s sn ii \ . ' A. K. ( 
A Sunihrr in Thur Acl^. 'I. Sthhci hoi/. : hrin.ilas Trather. \'t)l. 17. pp. 

r,l i'.'i. Manh. IfCL 

B.ivrd on ■"Nundxr Siniits i.l I - i. : A-n ' ).\ I)a\:d Kn^cnr Srnitii 
Out ni the i\i^t lliMiiiu: lii'X'ks W : Mad-fnnni^ I f.n hci . \()}. ."in. pp. 'M^h 
■}7«1. Detrnd-c. IT^. 

A p!.iN. ni a(t^. t f t ii(d n-d pUM ;:f' .! mi i m .\^^iu\\i\\ h\ .1 tdnth ^iad<^ 

il.(v>. r..i>('l Mn i!i .r!np;;u r.t I'f mi: nnnd • i s-.^'mi .nid d.c ii^c ;'f ifiri lnnn( ;d 
\ ( cs fill (I 'iiipiital 

/'.■.• /."u-/-- :/ .\ jiii-.'d na fi'ipi-< | \1 i-;-^ Sih<-..! Si i i-w aiid. Ntaihr 

in.ii.i-. ."^^ piv 'JT'^ 'J-". \t t:ih. i'J<:r 

.\ \;. ■ I ..r;..r \, aS \ 1 a I ! : ( " ! 1 j , I • ( s I t \'. < ' J pp 'J'"' ■' J' i. \( j vc:in }(T . 

IVii--: ti '.'./^ r '.w<- A ni itbtin p' i\ ;n I -v " M^.an-. H aniMh A l*.iik\n 

\I..M.- r I V 1 (■ K !i> I . \ '■!. 'J. pp b- LM |.n.it .i\ . 

It 11'^ ( :-i^< \u Afi/v M .iii b' ill \ in;d-.M Sil:.>i.l s, Ktut* and 

\I,d:.tni-. .V \"|. pp Mi) 'I'i. |i:p(. 

In-.'!} viii'"'! .{s-i-iul.--. jj!i.--.iiii N:i:<- ■•: in-a'- (b.ii.iMias im :\ fpn; 

pit'i'i m: 
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See aUn iuj()k?>: 

Enriched Ttiuhing of Mathematics in the Junior and Stniur High School, 
M. WooiIiiiiLj ami V. Sanfoid. I'p. 87-81). 

HiXIil'lATIOXS 

Knftuuioual Aspects nf MathomatiiS hi the junior Hig}i Sc/io^jI, Aium R. Mccks, 

M.iihfnKUics 1 lmiIut. \c;1. 'J,[), pp. iii)2. Januai), 193(3! 
•llie use of matluniatical puzzles and g.unrs in the cla.s infiiud. iiiiilhcinaiics 

club, the maiht'inaiits newspaper. 
Mathematical Krcrrutums, MaMha Vknv, Mathemaii.5 Teacher. Vol. 19. np 13^ 

24, January. l<JLTj, 

Kccreatmns in Secrwdary Muthrmatus, C.h.nles W. Neuhall. .Sdiooi Science :in(l 
Maihemaiics. Vol. !r,. pp. 277-2<)3. Apiil. VJTk 

Methods of using recreations in matheniatiL>, dubs; in informal meetings de- 
voted to ganu-s. puzzles, nicks: in a.sMj^uetl leadings; in dei)ales; in the class- 
room. Rcfeiences include <)\er Hftv hooks amrsixiv lua^azini' .nticies. 

Misplaced Malhcuiiical lUucatinm, M. c:. Ue^^en. School Science an<l .Maihemaiics. 
Vol. 39. pp, 7iiii -7r)S, NoM'iuher. Vm, 

Conclusion: " Praeiice in puzzle soUin- makes for pi(;r!(i< ney in puzzle^ solviu«. 
but in nothing else," 

From Interest to InlrrcU, M. Weiner. Maihemaiics Teat her. Vol. 30 pp* 23 -% 
January. 1937. i i ' - • 

Maihemalical recieaiions books auakeuni inieiest in a hov arui he became 
one of the ouisianding siutlents in the sthonl. 
Arithmetic luzzles for Junior Grades, K. W. M<.nt^onien. School (Klenientai> 

Kdilion). \oi. 2^1, pp. 800, Mas. 1011. 
Proving a Geometrical Fallacy by Fri^omwutry , William \\\ Johnson. School Sci' 
ence and Mathematics. \'ol. 19. pp. .•')L!7~.'j2S, June, lOIO. 

The famous tiisscciion puzzle ihai (il .. (r> j v.. a s^uaic « uniis on a side mav 
be cut into foui pieces \Wnch will fonu an appaieni ledan^Ie 5 x 13, The dilier^ 
cnce may be shoun to be a paraIlc lo;^iain of aua one M|n.M-e nuil. 
Mathematual FnU<u u s. Cec il U. Rcaii. School Sueuce and Malhem,ilics Vol 33 pp 
r)Sr,-.'',sO. June, 1033. • • U • 

Discusses se\eral comnum algebraic and ^eomeiric fallacies. 
Afou' Mathr^nntual Fullanrs. Cc.A n Kr,,d Schn<,l Scirnce and Maihemaiics. Vol 
33. i>p, 077-9^:i. DccerulK'r. loJ3. 

Moie inleiesini- fallan'es which can In- used in malhem.nics classes. References. 
Nee also H()()Ks: 

Lnruhrd TrrKhiui; nf Mathematics. M. \V(,r»<irinK and V, Sanfoid. Vp, 96-09. 
(iAMFS 

llnU. W.dier \V, Cainih.Mi, Sdinol Sc umim. and Mathematics, \'ob 28 pp (JOI-f.OR 
|uiu-, l'».N * ' * 

A u.iuie pl.i^ed on a < be. kei l,M.nd a.ul umm : p^] .niids, eid)es. hexagonal piisnis 
i^tn.d.-,s. sphrus. rnan-Jr.. s(p,a,rs. hexa'^nn^. ,,n.! mm les fm Jinnies. M<,Nes ol 
(i-'Hifs aie b.isr.l nn K'^nieHu" sh.,p,- Rul.s .ue nuhided. I>m-(<-s cm be ni,Mle 
\^i'h a b \\ oniis .iiu! liiilr expenduMK <A imi,- 
/ nnnht h n Mntfnuuitunl Cnui (..nnr. iu ur Vnw American Ma tfiema t u al 
Montlds, \(.l. -W), p 117, IcbMniv. l«.rj. 



Appendix II 

SfathematUal Games. Alfrcda Raster. Mathematics Teacher. Vol. 17. pp. 422-425. 

November, 1924. , , , i 

Describes a vr.sio.. of "Ol.l Maid ii. Algeora." a blackboard relay, crossed 

word.s. iit)-/ip. ".Siinoii sa>s, Ihui.- and the game of math shark. 
A Stalhcmatual Crossword Puz-Je. H. C. Coward. School Science and Mathematics, 

Vol. 20, pp. 31C.. 31S. M.ircb. 1926. 

IiuoKes such mathematical terms as sum. limit, number, problem, theorem. 

degree, circles, lc.«. factor, sphere, polygon. Solution included. 



BOOKS 



Anffrtigu,ig Mathematisclwr Modelle. K. Giebel. Leipzig: B. G. Feubner. 192a. o2 

^'""Smentary surveying instruments, model for bisecting an angle, variation of 
parts of right triangle, measurement of angles rdatrd to circles, pantographs, 
similar triangle figures, binomial theorem cube, polyhedrons, slide rules. Also 
discussions on how to use wood, paper, cardboard, glass, celluloid, clay. lead. 

Early ScZuce m Oxford. I'art II: Mathematics. R. T. Gunther. New York: Oxford 

University I'lessT 1922. 101 pages. ^ u 

Descriptions of early scales and piotractors. spherical blackboards, mathemati- 

cal mo<lels. geometric solids, calculating appaiatus, drawing instruments, propor- 

tional compasses, parallel ruieis, parabolic compasses, elliptical trammels, sectors. 

slide n.les. st.ind.ud measures, gauging instruments, weights, quadrants, trans- 

vcl^ais. and mieiniiictei s. Well illustrated. 
C.rnrral I'lastus. Raymond Ctieiry. Hloomington. 111.: McKnight and McKn.ght. 

I'.lU. 12H pages. 

Use of pl.istics in making models. 
Katah.u M<rJ"-,n<iUs,l,er uud Maihetr^athrh-Physikalischcr Modelle. Apparate und 

lust'ruments. NSalther Dyck. Munich, 1892. Vol. I. 430 p.ages: Vol. 11, m pages. 
Slide rules, calculating maclunes, devices for drawing various curves, quin- 

COMX of Gaiton. nistiu.nents for harmonic analysis and advanced mathematics. 
Mathernatual Models. A.nul.l F.mch. Urbana: University of Illinois Press. Four 

j>ani[)hlcts. 

Sirini; models of surf.ices of higher inalhcmatics. 
Mathcnalual Snapshots H. .Sieinhans. New V.,.k: G. E. Stechert and Company, 

Iink.n>- d,ssecM<,n li^uics. ,.oislu.lM.MS, perspective, paper folding, stereo- 
t;, ,,Ms M..,i, (Urns. MMu^ s.uf.Kcs. Mohuis s.nfaces, knots, quincunx, and graphs. 
VUislus m Ihr s,hn„l <iwt Home Workshop. A. J. I.ockrey. New York; D. Van Nos- 
sd.in.l :n,d C.nnipanv. 1910. 233 pages. 

s i„ I.. M. W>ati. Miivs..uke(-: Uiu.e Publishing G^nipauy, I9.S. f.l 

''■'lTss,-,.mn <ii;u.es. sl,nille pu//k-s, Tower of Hanoi pi.nle. cross and wedge 
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SoUd C.eom,-i,y. I.. l.in.s. I.twuio.,: M;,rmil!n„ n.ui Company. 1935. 292 imucs 

■ i!'""^ ^' -^'^ f-"^^^'"- l^"Val. H. T. Flather, ind J. F 

{etr In.onto: I „i^c•rMIv of ToH.Mto ITcss. 19:W. 20 pages, 20 plates 
Urlrcke und UMr. Nf. IMu.y. Leip/i,. 1V.,1,„.t, 1900. 227 pages'. 12 table, 
A classic on all f.„n.s .,f poKhe.lmns, i„dmli„g .semi-regular a„.l star polyhe-' 
tlroiis. l it, .llusMati„ns au.l. lunncrouK .liagrnn.s. ' ^ 

iOOI.S A\D ISSTHI MI XIS 

■''trLn!!'67pa;;r'''' '''"li!> Clucag,.; Adler I'lane- 

ncsciihes .he optical planetarium installed in C;hira.t;n. Aho di.cnsses and pic- 
s var.nus Ins.oncai n.echa.ucal planeta, i.nns. ast.lahes. nocnrnals. quadrants. 

n i circun.rerenter. grapho.nete;-. mathe- 

niatical and diawmg mqi iinu nis. and telescopes 

'''m(!''m'^''"' '""""'^ ''"'^ Corr^pany. 

stwr'f,. TV •-'"-1 compass constructions, 
standard methods, one f.xe.l circle, and compasses onlv. Rihiiographv 

n^Tnf^T- ' " "' 'traces, Jof ConstruCo.. 

pages f^^'icago; Amenc.n Technical Society, 1940. W 

M,,„u;ualiral Sk.uh aud M.uM IU,ok. Rohert C. Yates. Baton Rouge- 
l.'.nisiana St.ne IMme.sitv I', ess, I'.HI. 194 pages, 79 plates 
VctuMH „n the str;.iKhte<i,e an.l nuulern comp.asses, dissection of plane poly. 

hnkag.'r'''' ''"'^ 

SLIDE nri.i: 

A M,,,n..l of ,1. Sl„l,. .'iulr. I,. H:U.,n, Pnnnplr. uu.i O/.rranon. f. E. Thompson. 

.^tu uiik: I). \ .in Ndvir.ind ( dnip.uiN. I'nn. -^-yj, p.n^vi. 

'""•"■^ ■'■"1 op. r..r,..n of the ,ule. and lUud.ned fo.ms „f the .Mannheim Rnle- 

'"'M'''-';'-. I'-i^l.h..M- Duplex. lugl.og n„p,,,. AKo hiuurv of the slide 

rule and ,„<!, spend foims as thr .iicilar an.l rMuuirical models 

Of, Ihr inu.n^ „/ s,alr and ,hr Slulr Hulr dunu^ the Srvrntrmlh Cm- 

' -'I'"' I .me,.„v of C.dilornia I'ress, 1!.2(,. I-uhlications in 

.^l.||lu•nl.ll;(s, \oi. I, \o. (| |,|, i.sv-'jfKi 

.V IiIsHm k .,1 (It iiiiK iu of ilif slide I nic. 

''I'';- 0>!<u:.:f:.„. H. (). C-oope,. NVw V,„k: ()xf„,d Cmcsuv l>rc« lotl 

I "J p \\:t'<. 

. "f ^i^''-- ":K- s. ,l,s nid ,I,.-.,M ,.f ,he„ „se. Tse nude of s|i.Ie rule 

"' ""' - ^iN.un ir, .h.,puT n„ .pplicninns. Appendix l,.,s 

tnnu- ih ui .1 ,!M/, n v|-:,|,. ,,,1,-s us. d in other fiel.ls 
The s/,,/,. liulr. K. R. UnMich .u.d (h.ules A. St„„e. Chicago- ^.■ni^e,sit^ of Chi- 

Cll^M l^M-vS. 10-Jf). 'J'^ piUCv. 

p 1;:^^. ' - . . . 

I I <ln'. (!,u.,,„- |.,,.de,uk 1. Or.ike 

ani! ( I. nil. piil JIM ,,.|..,.s 
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SUHl'l'YlXn 

Fuld Work in Mnthnnalus. C. N. Shusicr and F. L. Ucdfoul. New York: Ameiicm 
Book Company, 1935, 168 pages. 

Kailv inslrumcnis. stale dia\sin.;. appioximalc <iaia. slide rule. auRlc nmror. 
hNpsomcter ami Lliiu.mein. plane table, \ernier. sexiani. liansil. panlo|»vaph. 
Mathematics of Everyday Life, Cowirtry l/uit. (;eoi^e A, Bo>ce and Willaid W. 
Beatiy. New York: Inor Puhlishin^ C.cnnpanv, 1930. 1^)8 pa^es. 

Kxpciinu-nls with ekinenuny snivesin^ de\ia'S at early hi^h sthool level. 
'Sunt-yiua: for Si honls and SiOnU, W. A. Ricljauison. London: C.eorgc Thilip and 
Son, l.ld.» Vm. lU) paj^es. 

An elemeniai> appn.aih lo suMe\in- lluongh scale dialing and simple in- 

stnnnrnt:;. 

s'n:Hi:ocHAriis 

Basic Prinn{^lc$ of .inal\tic (H-nmrtn. Waller A. Spi-xun'. New Ymk; Newson and 
Conipans. \9?>\). *J7 pa^cs. i:i plates. iv^uivs. 

linpfiitant .solids of solid an.ihtie are nIuiwii. 

marrams in Three Dnurnsinm fnr Solid Ceowrt^y, K. R. Hre.sliLh. New Yotk: New- 
son and C.onipanN. IT) })latrs. 

1-ij.ures Un tluoums in v.lid K^-tMuein iUusttaird l.\ nu'.ins of siri eographs. 
Kxruisinn m Mulhematus. K. R iiuslith. New Yoik: Nrwson and Company. I93rt. 
17 pa-i s. 21 plan s. 

Using red ami Line eoU.ifd \iewcis. ilhisirations show cube, parallelepiped, 
piisnis, L\lintleis. pM.nnids. nuns, and spheres. 

l.es .{uni^hphes i,ronirn njurs. H. \ud)rit. I'aiis: Ijbt.iiiir \ nil)Cri. 1012. 32 pages. 
Iinukiniental piimiph-s o! snic.'^i aplis. IlhisiMiions of ddiedral an.^les. lines 
in spate, ^oll^ne of paiallelrpii^eds. piisnis. p>ianiids. star dodecahedion. cylin, 
(U'ls (uiie. ^jjhcns, .Hid (.i\si.ds. 

MutUrnuinuhr Huuvihildrj. O. Kohlc i . T (.r.if. .tnd C. r.ilov. Dusden: Khieimann. 
WK^H. O't p.ii^cs. 'Jl piau-s. 

Vcluntc of cube, binonu.d [(.Mmd.i/ui^id.n soluN. ( ..iv.iliu i's prin<iplc. volume 
uf pM.unul .IS (.nr ibu.l ol piisin. o.iiu simlhis. lis pri boloiils. ihc sine cnrse 
as llie pro^i'ihf.ti nl llie lu-li\. spheiu.il tii.ni-lcs, l..\i.di oinrs. 

Strrens<ntfU -//.v Al'l^lnntinn In Sucrur, hulusU^ and Idmniinn. 

Arthur W. Jnd-e. I.-.tidon/ C.liapni..n and H-ill. I'CS. \sail.iblc ihiou^h Anu-ii 
I an Photoi-rapliic Publishing' Company. P.ost«>n. 3.^1 p.ii;cs. 'JI i)lates. 

Inieiestini- loj.iis Un aniairur piuitoi;ra[>lw j s: psi-nilo sieiei> elhuts fioin sm-le 
pittuies 1)^ nie.ms of a iM.incm.ide ton\ev Irns ni i..n\.-x mitnn deMce. lian-l 
drawn steu-oKraphs for snhd j;eonK-ir> '-..us. xtrirn-i.iphs pro.hiu-d (umi 
oid.naiy stcu-ostopic ne^;Jn^es. stei eo^t aphs pholu--, ..phed w,th lens or 

wuh sieteoscopic cnuras. stneoscopic actial photo^i.iplu. piojecnon of sieu-o- 
su.pic p tmrrs. A tliaptei is iksoted to stereoscopic ai.ls to -n.nu tis tr.Mhin^. 
Kxcellent bibbo^rapin . 

i.l'OMI'.THlCM. Dn.tWlXC, 

(irmn^^tnrul Ihau nii^ and Deu^n. J. M.nnpbiey Sp.intn^ 1 nndon; Macnnllan and 
C^inip.nu. VXM). ;M^fS 

I'l.itfif.il diawin^ basi*d 'Mi ihct.is nf pbuir .i:)«l s'.liii .^r..ni(ii\ 
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Gtomttrical Drawing for Art Students. I. H. Morris. London: !,nngmans. Green 

and Company, 1941. 228 pages. 
Fundiimental properties of designs and drawings. 
Mr^tr's Handbook of Ornament— Geometrical and floral. ¥. S. Meyer. Pelhara, 

N. v.: Bridgman, Publishers, 1928. 64 pages. 
Source Bonk of Problems for Geometry. Mabel Sykes. Boston: Allyn and Bacon. 1912. 

380 pages- 
Tile and parquet floor designs. Golhic tracery based on forms in circles and on 

pointed forms, trusses, and arches, diagrams, pictures, and exercises bused on 

famous art and architectural designs of the world. Extensive bibliography. 
Geometric Design. A. Bruce Ewer. Denver: Smith-Brooks Company, 1935. 28 pages. 

TE.iCHIS'G OF MATHEMATICS 

Craftsmanship in the Teaching of Elementary Mathematics. F. W. Westaway. Lon- 
don: Blackie and Son. 1931. Available through Ryerson press, Toronto. 665 pages. 

Chapters on polyhedra. proportion and symmetry in art, the mathem*. 'Val 
library and equipment, harmonic motion, map projection, orthographic pro- 
jcctioiu m.uiy teaching aids for the secondary school and junior college courses. 
Mathetnalics for Junior High School Teachers. William L. Schaaf. Richmond: 

Johnson Publishing Company. 1931. 439 pages. 
Problems in Teaching Secondary School Mathematics. E. R. Breslich. Chicago: Uni- 
versity of Chicago Press, 1931. 348 pages. 
. The teaching of fu'jttions, fojmulas, and graphs; intuitive, demonsirative. and 

three-dimensional geometry. Illustrates various form., of teaching aids. 
Teaching Mathematics in the Secondary Schools. J. H. ^^innick. New York: Prentice- 
. Hall, 1939. 336 papcs. 

Applications of mathem.itics and mathematics clubs are topics treated in 
two of the chaptci-s. 

The Ca-.t Agaiust A-rithtnetic. E. M. Renwick. London: Simpkin Marshall, Ltd.. 
193 J. 167 pages. 

C:hapters entitled "Misconceptions Relating to Measurement/" "First Notions 
of Fraciinns/* "The Fraction as Multiplier,;' "Difficuify in Finding Approximate 
Answers" discuss tjpical errors and the student corame^ils experienced by every 
teacher of mathematics; also chapter on "Some Suggestions for Reform in the 
Teaching of Number.** ^ 
The Teaching of Elementary Mathematics, Ch:irles Godfrev and A. VV. Siddons. 
Cinibridge University Press, 1937. Available through Maanillan Company, New 
York. 32'^ pages. 

Pythagorean l*heorem by dissection. Three-dimensional work discussed under 
headings ".Seeing a Solid Figure." "Drawing a Solid Figure.** 

The Teaching of Junior High School Mathematics. David F.ugene Smith and Wil- 
liam I). Reeve. Boston: Ginn and Company. 1927. 411 p.ages. 

Homemade instrumenis discussed are those measuring distances and angles. 
thn^t: for drawirigs and constructi<Mis. including the T'Squ.ire and carpenter's 
"s<in;ae." and a circular blackboard. A device for illustrating the multiplication 
law of directed numbers is made from a light !)ar. small screw hooks, and weights. 
Chapters also on mathematics clubs and cotitesls and mathematical recreations. 

The Teaching nf Mathematics. J. Q. ffnssler and R. R. Smith. New York: Mac- 
miiian Company, 1930. 405 pages. 
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T/.'f 7V«(/m«^ of Sru)ud:ir> Mathvinutif s. Charles II. Butlci and T. L)invoo(l Wren. 
New York: MtCiraW'HiII li()(»k Conijxiiiy, 1941. nil pages 

Materials of iiisiuittiun-aiils to tcaclmig iuLluilc tcxibooks and workbooks, 
f(|Ui|)infnl of ihc individual student and the classnujtn, insirunu'nis for fidd 
woik, instnunLnts for the classiooin, such as models, spheucal hl.iLkboard. draw- 
ing instrunu-nts. honicinaile C(iuipment. Stinuilating and maintaining interest in 
mathematics by motivation through iniellectual curiosity, applications to other 
field$ of study, mathematical clubs an<l recreations. Extensive bibliography. 

The Tvchuitiue of Tvaehing Secondary School Mathematics* Ivrnst R. Breslich, 
(.hicago: University of Chicago Piess, 11)30. 239 pages. 

Effective procedures anil devices in teaching mathematics, arousing and main- 
liiining inteicst; the mathematical equipment— its use and care (includes slide 
ride, blackboards, protractors and rulers, fding cast-i, homemade instruments — a 
tiansit made from erector set pieces is illustrated)* mathematical library. 

Ain . AHCUn ECTURE, ASD DYXAMIC SYMMETRY 

A Rhythmic Ahproath to Mathematics, Kdith L. Sorneuell. Reprints availal)Ie fioni 
Miss L. K. Christman, 1217 Elmdale Avenue, Chicagt), IDOC). t)7 pages. 

Intrntlnccs student to various geometric curves by means of sewing car<ls; e. g.. 
the parabola as the pursuit curve of dog chasing a rabbit, the spiral of Archi- 
medes, and many interesting designs, 
Dynariiarhythn ic lhhi^?i, Edward B. Edwards. New Voik: I). Appleton Century 

Company. 1938. \22 pages. 
Dynamic Symmt try—The (.reek Tciie. Jay Hambidge. New Haven: Yale Univer- 
sity I'ress. 1920. 1(31 pages. 

Analyses of ai^cient Ciieek v.iscs based on the properties c)f ratios in rectangles. 
Esihetique des Proportions dans la S'ature et dans les Arts, MatiK'\ C, (ihyka. Parish 
Gallimard. 1927. 452 pages. 

Form in nature and art as related to mathematics. A valuable collection of 
material, 

Xnture's Harmonic Unity. Samuel Colman and C. .Ailhnr Coan, Now York: G, V. 

I'urnam's Sons, 1912. 327 pages. 
On Growth and form, D'Arcy W. Ihompson. Setond Edition. Cambridge Univer* 

sity Press. 1912. lllf) pages. 

<^ne of the best treatments r»f applications of matheni.itits in nature, including 

theory. discus.sion. and illustrations. Tieats sm h topics as giowth. soap fdms, 

capillarity, hexagonal syinn'.etry, bee's cell, snow crystals, radiolarians, spi<icrs 

wt'b, spiral of Arthimeiles. iKunilus sliell. ph\llota\is, 
Persfwctn-e Made Arm. Krn<'st R. Norliny;. .New Nork: Matmill.m C:om[)auy. 193W. 

203 pages. 

An elementary, step by step introduction to the «abjcct. 
Proportional Form. Samuel Colni.ui and C. ,\iilnn (.n;in. New York; G. P. Put 
nam's Sons, 1920. 2G5 pages. 

Deals wiih a mathematical ai..d>sis of all and Jiatuie. .Studies are made of snow 
(r\stals. leases, flowers, custjls. pnie u)uvs, shells, dialoms. biuierliies an'l birds. 
Ir.h and annuals, the human hguie. ait ami auhitnture. 
/xftMfitnic lotm m Att. lun.i .A. Ruhn i. I uudon p.hu l.aiw. IM VJ. l'J7 pages. 

'I be piiiKipIc-. (»f coru[)osition as found in ilie woiks t*i the ^leat n'ltsters 
b.tsed on laws of ptMsp(rri\c and <lsn.tini( sMiunetiv. 
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The lurnitnli uj Dynaum i>)ini(Ulty Jay Ilaiuhidgc. New Voik; Uicjuano's, 1926. 
140 pages. 

llie ii»i»:nilluiiic spiial is shuwii io ^wc the appiuath to this fuun oi design, 
'lliu»r\ diMiihseil in j seiies uf twenty -uiie lessons. 
Ihe I'iDZt'H I'uunlaui. Claude Bui^iluti. New Wnk: Alficii A. Kiu)()f, 1932, 125 
pa-es. 

*lheui\ of oiiiaiiient ami auhitcitine ulaied io the fise U'j^idar solids ami 
u'^ular puUliedioiis uf llie fuuiih liimensioii. 

IWrfJi I'OLDIXC, MAP IILMS, ASP O l ilhR LXri.RLW l.S I S 
lull uUh Paper. jDSfpli Leeini»ii^. New York: Stukes. 1939. ir>2 pages. 

hiLludcs the peiuai;i)ii, C.liineae tun^iams, ami \aiiuus dissection puzzles. 
(,iffmrttu i:>('tiist'S ifi Paper i-ulding. 'I. S. Row, La.Salle. JU.: Upeii Cuuit Publish- 
ini^ C:ouipan\, llMl. 118 pages. 

How tu fonn the Mpiaie, ciprilateial tiiaiigle. pentagon, iicxagon^ octagi>n. 
nonagcMi. tlecagf)!! anil doilctagon, ami pentaiieeagoii. Also the conic sections. 
HijudiJu's Paln-r Slavic. Houdini. New Voik: t. T. Dutton ami Conip'i..» 1922. 200 
pagrs. 

Taper folding and paper puzzles form twtj inteie^ting chaptcis. 
liuhhles. C. \*. Uo\s. London: Society for i'loniotiug Christian Knowledge. 
Il^nJ. A.ailahlc thiough Macniillan Cannpau), New Voik. llti pat^es, 

Manv uitc'ie>ting Lwpeiiments with soap s(»hilion resulting in minimal surfaces 
oi interest io e\ei\ high .school stuilent. 
sinfumi^ Tops. J. Peuy. London: The Jiheldou i'less, 1'J2<J. A\ailable thiough 
Matnnllan C(jnipany» New Voik. 155 pages. 
'Ihi^ojN and e\ j)fi inient with the gsioncopo. 
sinjii^ ii;j^utts-~.lti A7tiu^rmftil fur Evei^body. W. W, Rouse U.dl. C:aini)i idge: Ilelfei 
and Sons, I'.rJI. ()9 [)ages. 

Suing designs, many originating with piiniitise people. 

ni.cnPATIOXS A.M) Ai\fUSTMhSTS 

AfnusrtiiFtits ui Mathctnatics. Heniy K. Dudene). New York: 1 honias NcImmi and 
Sons. 194U. L'jsS pages. 

Repiimed as pait of Nelson RlackOut I ihtais. 
/fn'i (fiLti Anthmttic. R. Weeks. New \u\l: V. l)n{!.»n and Conipau). V.V.U. 
pages. 

n)uni leasers. V. J. Rulon. Uoston: L. C. Va^c .nul Conip.nn. \\K\2. 
iifani Te^ls. WalUT U. C^hson. iiosK.n: 1. C. i'a^e and ( cinpanN. \\rM) \ pagev 
im haling ans\s cis. 

ihush I'jt Your Wits. Uuheit IMiillipv IMni.nh-ipiiia' l)a\id Nh K.i\ Couij)a!i\. 
\U\ pages. 

Ctilihaus Prohhm linnk. Hulieit Phillips I.ot^don: i. de la Rm*. y.K^'}. IMO p.iges. 
Catiirff'ury PuvJrs. Heniy Dmlenev Ni-\n ^Mlk: i hctn.is \i lsnn .nul Sons. 1<)10 
2"»'» [)ag(*s. 

/A-i'-Mio/js aud Pa.\titfirs, R. M. Al)iah:ini Nr\N V \\ D'lti-Mi and CoinpaiiN. 

W-i, l:-,3 pages. 

(iaines with paper, inchuling disseMnn, papii ( i.inp.t^>cs. (i\c j>oni:i'd st.n. 
plans fni (iNslal nUKlrls. including the «i'4u!.«i p. .1\ lu -Im .n^. knois .tml sum- 
j^auies. 
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Easy \umhfr Trirh^. J.^^rph C. Brown. rollKun, N, Y.: The author. 53 pages. 
Fun with l-Hrures. A, ricilciitk C^ollins. New Voik; D. Appleton-Century Comi>any, 
iy*JH. 233 pa^cs. 

\futhruuni'( . R. V. }lvM\i. New Vuik: Simon aiul Srhustcr, 1933," 138 pages. 
Muthtmiitual (.luh^ and HirjiUHnTis. S. I, Jones. Nashville, Tenn,: S. I. Jones Com- 

panv, IPJO. \).i\^vs 
S\atht'7j.aliuil \uts. 1. j(»ne^. Nashville, Tenn.: S. I. Jones Company, 1936, 340 

I)aKe., 

Mathcmaiual ntiuainms and Kssays. W, W. Rouse Ball and H. S. M. Coxeier. 

Ivle»cnih Killrinn. I.undun: NIaunillan iuul Comfjut^y, 1939. 418 pages. 

flcoinetiii.il di^iveuions; nsselaiion. color cuhes, langrams; polyhedra, incfiuling 

the kalei«los(np('; (hiee ci;i«;sical geomeirical problem*!; calculating prodigies, E.\- 

cellent lefcrc iurs imIiMltil in all chapters, 
Mathrmatinil Wrmklcs, S. I. Ji>nes. Nashville, Term,: S. I, Jones Company, 1930. 

361 pa^es. 

Modern Puzzles. Ucm\ K. Dufieney. New Viuk: F. A. Stokes, 192(). 190 pages, 
Xumhcri^rams. N, .S[)aihawk. Bostons Wan i'less. 1932. 

Puzzles and Curious Pwhle^'is, Henrv K, Duileney. New York: Thomas Nelson and 

Sons. 1910. 19.') pa^cs. 
Puzzle Papers in .inlhnu'tic, F. C, Boon, Lotuhm: G, Bell anil .Sons, 1937, 64 pages. 

includint^ answers. 

Recreations in Muthtmutirs. H, E, Licks. New York: D, Van Nostrand Company. 
1916. 155 pa^es. 

The nook of Puzzlrs. A. Frederick Collins. New York: D. Ap[)lelon and Companv 
1927. 190 pa^cs. 

Tani^rams and the locuhis of Archiinede'i. a few t^eorjien ical liisseciions. 
There /.? futi in Ctromriry^ Louis Ka'iper. New York: Fortuns's. 1937, LSj pages. 
Winter Sights Entrrtainm-ms. R. M. Abraham, .New York: E, P, Dutton arid Com- 
pany. 1933, ISfj pai^ei. 

Taper folding; .string ititks arul figures; knots, hciids, and splices. 

Kew \'ur7ihers-"fh)u' Arccptauie of a DwHimmal linse Would Simplify Muthc- 
matirs, F. Kinnson Anflie\\s, New York: Harttiurt. Brace and Com[)anv. 103') 
168 pai^cs, 

Sumhers and S'urnyrais, David Eugene Smith and jekuthiel Gin^lMirj^, New York: 
Bureau of Publication^. Teachers College. Clohirnhia L'niversitv. 1937, .'>^) pages. 
Roman, Chinese, and J.jpanc'ic ahaius and the flevelo[)meni of numbers. 

Xumher S[orit\^ nf I nn^ D.iviil Fugeue Smith. Bost^m: Gum .nxi Comrjanv. 

1919. ir>0 pages, 

Ali.icus. ciilrid.iiinK' m.uliines, Mide iiiIcs, ;oid fun wirh nunrL>cis. 
Odd Xurnhrf;, or Ariihmrtu' RttrH,,l. /Irrheri NfcKav, Gamhridire L'niversirv 

Press. 1910. As.nl.il)le inrMU-^h M.unnll.in Cluinp.iriv, New York. HT) pages. 
Rafiid Anthrnrtir, W <) ( onnoi Sluaiie, New York: I), \'an N(»Mi.ind Clompanv. 

101>2. lOS p;,gC9. 

"iprrd .i-N// run uitfi fi^urrt, T, G. Sln.uie. [I F. Lick^ J.irius K, Thompsoi^. New 

Nork; n \*.m Nostr.iiid ('nnip.u]\. \[W. OOL* page«i. 
Thr H'.n^l'Tful lV >ud>^<: 'J O^ir -Tuti Thrrr. H.nid Fjii^ene Smith. Frrltuo. N. Y.: 

.NfcF.irianr. W.udc. Mir.ul.inr. 10.^7 47 p.n^cs 
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SOURCE BOOKS FOR FURTHER STUDY, AND MISCELLANEOUS 

A Companion to Elementary School Mathematics. F. C/ Boon. Loj^ulon; Longmans, 

Gieen ami Company, 1924. 302 pa^es. 

Mechanical construction of curves, including linkages; Pythagoras' theorem; 

symmetry; continuity: paradoxes and fallacies. 
AlgeOra, an Interesting Language. E. R. Breslich. New Voik: Newson and Company, 

.1939. 70 pages. 

Illustrates and discusses applications of algebra and arithmetic in life around 
us. 

A Scrapho&k oj Elcwentary Mathematics. William F. White. LaSalle, Illinois: Open 
Court- Publishing Company, 1910, 248 pages. (Out of print,) - 

Napier's rods and other mechanical aids to calculation, geometric puzzles, a 
home-made leveling device, "rope stretchers," the three famous problems of an- 
tiquity, linkages and straight line motion, paper folding, apparatus to. illustrate 
line values of trigonometfic functions. Extensive bibliographic index. 

Curiosit^s Geometriques, E. Fourrey. Paris: Librairie Vuibert, 1938. 431 pages. 
Pythagorean Theorem, dissection figures, surveying instruments, 

Flatland—a Romance in Many Dimensions "A Square." (E. A. Abbott) Rev. Ed. 
Boston'. Little. Brown and Company, 1926. 155 pages; 

Fundamental Mathematics. Duncan Harkin. New York: Ptentice-Hall, Inc., 1941, 
42G pages. 

Mathematics and the Imagination. Edward Kasner and James New 'an. New York: 

Simon and Schuster. 1940. 380 pages. 
Mathematics for the Million. Lancelot Hogben. New York: W. W. Norton, Inc., 

1937. 647 pages. 

Mathematics, Its Magic and Mastery, Aaron Bakst. New York: D. Van Nostrand 
Company, 194 1. 790 pages. 

Abacus. Napiers rods; also modification of Napier's rods in the form of a 
calculating apparatus using ten sets of Napier's rods. 
Proc^des Origiuaux de Constructions Gdomitnques, Fourrey. Paris: Librairie 
Vuibert, 1924. 142 pages. 
Constructions with compasses alone, and ruler alone. Paper folding. 
The Pythagorean Proposition. Elisha S. Loomis. Second Edition, Berea, Ohio: Pro- 
fessor O. L. Dusthcimer, 1940. 214 pages. $2.00. 
Two hundred and fifty-six proofs of this famous theorem. 
Trisection. Robert C. Yates. U.iton Rouge, Louisiana: Franklin Press, 194L $1.00. 

A thorough treatment of the subject. 
What Is Mathematics? Richard Courant and Herbert Robbins. New York: Oxford 
University Press, 19*1. 52l pages. 

Includes so.ip filtn experiments; an instrument for doubling the cube; linkages. 

filSTORY OF MATHEMATICS 

A Primer of the History of Mathematics. W. W. R. Hall. New York: Macmillan 

Company. 149 pages. 

A Short fli.sdiTy of Mathematics. VVia S.itifoni. Boslon: Hougliton MiHliii Company, 

19,^^0. 3fi4 paj^fs.. 

Many insirunu-nts and devices are discussed and illustrated. 
Uisifiry of i\f(ithcmatifs. David Eugene Smith. X'olmne 1. 1925. r>VO j>ages; Volume 2, 

P.VJ"), 703 [)agrs. Boston: Ginn and Compai^y. 
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Number, the Laui^uage of Scit'tice, Tobius Danuig. Third .Ediiion. New York: 

Nfacmilhin Compam, 1939. 320 pages. 
The History of Arithmetic, Louis C. Karpinski. Chicago: Rand, McNally Company, 

19ii5. 200 pages. 

TABLES, nini.iociRArny of aids, dictiosahv 

A Iiihlioifraf)hy uf Malheiuatical Edncalion. William L. Sduiaf. Forest Hills, N. Y.: 
Slcviniis Press, 1911. \ \\ pages. 

A classifieil irulc.K of periodical li lei a I are sinte 1920. containing over 4,000 

' rcferences^-S.ection on audiwvisual aids inthults inatheniaiital rnoilels, exhibits, 
films and slides as well as geneial aids. Also refeiences on mathematical plays 
and diali>gucii, clubs and recreations, general extra-class activities, use of his* 
torical nnterial. graphs, sliile rule, and h^garitlnns. 
• Enriched I'tachinj^ of Matlicviatics in tht Jjinior a fid St'nior IIi:4,h School, \ source 
hunk of illustrati\e anil biippliinentary materials fcr tcacheis of mathematics.- 
Maxic N. Woodring and \'eia S.infiMil. R(\iNeil '..litiun. New Voik: Bureau of 
I'uhlicalions, Teachers College, Culinnhia rni\ersity, 193.*^. 133 pages. 

Materials Un units in ariihnictic, algebia, geometry, and trigonometry, as ^vell 
as tests ami workbooks, are 'listed. Also references to articles, books, and tuimes 
of ecpiipinent ilealeis for lantein slides, motion pittuies. slide rules, surveying 
instruments, pioturcs, bulletin hoards and exhibits, assenibh'es, rhd)S» plays, con* 
tests, and recreations. 

flaudbook nf Matherriai^t al Tahlcs and Formulas. R. .S. Buringlon. Second Edition. 
Sandusks. Ohio: IIandbni»k Publishes. Inc., 1010. 275 pages. 

Erfax. A pockel si/e s\siein of loose leaf data sheets and blank forms. Philadelphia: 
Lefax, Inc. 

Loose leaf slieets listing foinndas for various blanches of mathematics, engineer- 
ing, and business, as well as all foinisof lahlcs. Sheets aie sold individually or in 
groups and uMv be inserieil in notebook. 
Mntheinalical Tal'les from Handbook of Chemistry and f*h\U(S. C. D. Hoilginan. 
Re\ised Eti.. Clevelaiul: Chfrnical Rubber Publishing Company. 1911. 178 pages. 

Formulas for algebra, gcomctrs, trigonometry, ami highei mathematics. Tables 
for ti ii;otK>nu-'tiic fuucticms, logaruhms, radians, conipoimd interest and aninn'ties, 
and Jiighcr m,uht niatics. 
Mathctnatn.s l)u iinnary. Cilemi James and Robert C. (auu;s. \*ati Nu\s. Calif.: The 
Digest Tiess. 1912. 259 pages. 

Hasic Words and topic phrases useii in aritbniriic. elenicniaiv algel)ia. plane and 
solid geometry, ti igtjnurnetry, and junior college in.itheiu.tlics. .Appendix gives 
formulas anil tables. 

Snuues of Vi^xinl Auh for Instructional Ust' in Schools. Pamphlet So. SO, Revised. 
Fednal Sciuiuv A.i;enry. I'. S. Oirirc of F.dncatiou. Washington, O. C: Superin- 
tendent of l)otutnents. 1911. 91 pages. 

l.isis stMWtes of \isuul aifls for all departments uiuier the heailin-^s cliaris ami 
gtaphs. evhibifs, filmsiiips. slide hims, lantern slidf**?, jyaps and globes. nu)ti(m 
pictures, olijects, speiiinens atul nuulcls, j>ittun's and photoi;i aphs. posteis and 
e.nroo!is. stcrcf)gi aphs anil oHwr f hiee dimen>iMnal pii lures. Also drali rs in 
su<h equipnient as i.nneins. lauiei n slides ami lii!nstri[)s. bhusiiip an<l slillfdm 
piojectors and at tat bmenis, lamem projectol^» inicio projei tors, moiionpiclnre 
})rojci tors, opatjue piojcciors. 
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The Audio visual Handbook, KlIswDith C, Dei.v, Foiuth luliiion, Chicago; Society 
for 'N'isual Kdutaiioii, Inc., 1912, 227 pa^rs, 

Discusses all forms of visual and ainiio ;iicls, Classi nnn rvpei immis an } 
i)lackb()ar(l (icTnonstvati(Mi.s. pla^s and pa^tMuts, models, scjiool niuscinu. graphs, 
maps and glohts. photographs, opaipic piojctt-on of pittuics, stcicograpb and 
src'iroscopr, \arioiK l\pfs of siklcs how thc\ arc niudi*. how thcv arc used— 
ecphpmenr. thret: iliincnsional piojetiioii. siU*nt and-iJoiind pkiurcs. Souices of in- 
foiinalion, materials, and c<|uipinfnt aie a!,so,^i\en under man- of the headings 
listed above, as wt-il as sonites lor pamphlets and bulletins, and organi/ations 
fioin whom informafior. may be obtained, 

I'iuml Aids ir, I\ducntion. A S\ll;ibiis for l.'se in Classes in Schools and Colleges of 
Kdiication. C, W, I,fman, Pid)lished b\ State 'IVachers Ciollcgc, I\iterson, N. J, 71 
pages. / 

ILuuhnnde laniein slides, tlu* Mandavd slidr piojcctor and its uses, the j.dioto- 
graphic Jantt:in slide, the blackboard ami bidlciin board, flat pictures, other 
graphic aids, the strreonraph ;uid vici eosc opo. op.iijne pjojtciir)^, the fdni.slidt: 
arui the stillfilm, the nmiidu pittu'c 
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I he fc'llouMi^ Iilnis. i; .''ns dil.rn ivc noUi!. .i\.iil.iblL' ni soinul jinlv iuul are 
mdlirneteis in wulih Must nT thfin ,in* cmc icrl ..ihoui iOO fi'ct^ ,ind ie(puie 
.d)out [dtren miiiutrs fi.|- p'ojcc tidu. .Sdihc u\ \\ hr h.ivcil fn-ni the piodiicer or 
rcKlcd fiom idm iiinl.:.,; .l^^■t!^u^ di icrit.d lihi.iiirv, Krn'.u [irttrs \.iv> a(.cnnling 
to tliL* Irnuth uf him .uul ihi* t^pc -iiul Idcitum j-I ;he kinllnii .i^ikn.^ Piicfs should 
" chcikeji inhiie oidtiii-^. Tcicht'i s aw .u1\:m'i1 in wrrte (o distr ihntriis or libianes 
» ^uither inf'.ii m.ii icn, .)i to ron^nlt ih t'.i^tM :ni uf \tMijl edu(,ui<iri in their f)wn 
*^ sthnol cAv[c,|, \\f.. , h.i\i: (Miali'is nil idc Im lltk^ of new hluis. l\\t'\ should 

u crnt isMus \ { i ,! ■ f /: i mufll //<'*■; < pillIli^!K•d s('\» i.ii { 'iics VAi\\ 

''f • '-^ ihf II. (:{iiMp.iMS. fi'iil rin\{ i-;l\ .\^(^. Nr\«. Ni-lk, N. \. 

,,f Mdi tfitif;, ^. l)i-,,;s h.;Nt( i\ i>t in.nihi is iid c' "nu li\ I'nuhnrd 

in I'.iM J)\ ii. W. Alii 's. '"in OvU-nl . I ms A i-.;c!in, C.ilif, 
^"■"V;,\'rv n ,t> ti',u. S.'it.ihli' fill Use iii h^h n( :\imi1 ur ,is iiif i»u| nctioii (n 

Ui('(nnivf;n 'iTui u . Pi{»i!im(l in I'lJ"; i-s b.i!d l.j^h.- I;!m I'r » idini urns, 

1"! }li'\\('^t. \: t;!-\. Nt \\ M.lSrii, ( j.iMl, 
I\'itirU'{ir ('.'>■■■ '!i \. An m' I n w !m( i :t n f-- pi ii.r :':d ^<ilii| ini!'. 'u i^ri'incfi^. I'm- 

• iufriiin I'i'.'.il.' M.c SdidM.v. pi'i W 'm: li Sf . \( \\ Ni ik,\ \. 
[ iir /Ji./' . i \m!..;:is fhi* \]\ \ '[)' M lies i^d il-i 1 MNf ;n imh 1 1 : ; '1 ;« .i ! ion 

;i 'u i il :su PI). ^ '.'Ml I t > '^7 1 liii'vh : : » : i . i . ! .i : '.i', 5 1 ' " ■ i ' < ■ ■ ni.i ' . i f ( .,islic 
i-.'ii;s, Ii'i , '^1! .k' f'Mii V>.\/.\, Nnik. :^ V 

/";.'.''.'■ ^ W t\ ! »r d . ,i .u t i : ' : t ■. ! i k 1 1 ■: \ . f : m- : •! .' sf m s ,ii The }: !i 

*»"»'| ( pi ( "!'« n \ rl. ^:!i Ml \ \ , : , \t * ] P'k.Iim » ■ 1 \.\ I .?s." :n t;. K' ( tMnp.ni\ . 

!.-iih;M.'. l,Msis M;\iMi.i,. Ki . f JCNf C! , N ^ 

^^.ri'"!- ({ ( lid. !(!.'.,: .\,Mt. '■ / : . v . \l ,; ; i : .[i: : . ^ s ! >«r i . V . :: 'U. 

[)[). 'Ji('- .^t, J,int.,»i \ , \[i 1 1 . 
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Umttin's l'hfi)\ nf RiLitu it). (.iuiU.nii.s viuu: ^uoil iiMinial on flu? subject alihoii^^h 
phutd^r.ipliK iiuifKMU h.i\f imj»u>\cNi cniisnlct.il^lv since the film vvas prodnccii 

" in .Silent, i: irrN. .ifui HuKcll (:ini^[)an\, lSOl-1815 LaiLhuiuni A\c.. 

C;inc.ii;n. 111. 

SU'rri)\tti*>ti- A/.z/'/'.-j^: h"t!i thr Air. llIusti:\U's pHKi'sscs for ID j; topo^i apliic 
ra.i|>s liniii .iCM.il j^lnlt^)L;laph^. rio<lini»»l piior it) lOlU. Bell .1 Huucli Com- 
p.iin, l>Ul 1 i *■» I..ntlnm>iit Am'., Chit .ii^o. 111. 

f'uii\rl\ S.J. iliL- ImnI'-'v .intl »ii:\flt»piiu"ni iif >i.iii»iaMls of ln^M^nlc .nid the 

ncoil fni .mui.n\ in ilif jmnliuiinn (»t l•nl;nu•^. I'lniiLUni in IIK^T 1>> ( '.lie'\ loU'l 
Miiiiir DixiMiiii ut (.iin'!.j| \tuhiis C'.oi |n»i.iiion. l>c!ioii, Mi(li. 

\lt'>i.su''*ti fit :» nil I I Jit W it, ' s Slniws h»»u lii;l:» \\.i\fs aw \\^v\\ in oht.tiinn;^ 
in( .iMn enu nts lu Mrllii»MihN i»t .in iiith. AIm) ih niunsti.n ■ bhuk iii^pi'Uion 

nu'ih'uis. 'I'lO irri, lilinMiijj .i\ .nl.ililc. $1 t)n 1 ni: rii.nni.il. C..i>U(.' I-ilins. 

\\n . :U) R.'iki-lillri I'l.i/.i. New \'nk. N. \. 

I'uyuitiui* ^.;'z^./''^ .\//«/vii?r. I lu* ! •IhiNsoii; U\(' tilni'i \M'tc puuhi'rii iiinlrt 
ihr <ijicti:i'n ui ihr I . S. OIIku oI h.ihn.itn'H to lulp \\\ li. titling \M)ik(.'is fur w.n 
nuhiNttii*'^^ 1 l;i^ *ni Iji' usr;'! i-il(ii:\(K in iii.i t luin.H u s < l.^^^t•s lo t'!nj>h.i>i/c \\\v 
fun»!.inu-.ni.il (.mikcj)! s nl hkmsiim-. I Iu-\ ni.i\ l»r pnit li.isnl fiotn C.t'^nc I'ilm>. 
hii . ill K<Mkilt;ilrj ri.i/.i. Ni'w \oik. N. \. An ;nl. ii ! iun.il fil!Mhni|) for ;nul 
a tur :n.ni!Ml .in- .t\.ii'aitU' n siniph iii< nt iMtli tilni. ui ilirsi- nia\ In- iiu'ii 
s( p.tiati l \ . 

i he S:ct I Hulr. M>n Uct. JJl \[K 

/■i.wMi (i^i^ri. lion fi'('(, 5'J:r'.H. 

S( /i.''-. n7'> Irtt, S'J'» 
flti^hl (nl^r^ S',/»;./.iJ,/ hulittit'iis. IJ') h»'t. 

1/ /' 5 h>:'ii \ir :j^titi-tti. St'\cial lilnis lia\i' been piuiiiHcd fur icadniii; tlir 
|>:n.t:j>lcs "f .nn.)l n.ni^.niun in ibt* Ainn .mil N.nv a.i sdiuuls I brsr .m* alsu 
a\aila'.!c fn-in ( .islli' lilni<. \\u . Nf\s \uik. \. \'. libustnus ucii- nui pupaird 
lui iIhm- fiiinj- 

C^'l' sfi'i: Sn- ij^iti ^'i r.nt I /t\<'^.iiu 'I / ■ ( ^/. W.-.W /♦...■//, ("."n 

t( I t. $!'» '»v 

$M I" 

. .// ..: ( ' ..■>.'' , h-. t. 517 

/ //.a;n/ /.'//'n 

I i!ii!v'i lp\ { a!-'-! s' (i! ii-.x .-i p.i :u] uls. jic .i \ .i . I.iljlr fmtn a nmnbcr "f p!'» 

:!lU fl s .II.- I i! M I l? i;lul s 1 la ^ : ( (|T.f r t);i' llsr- »f .l r, Illi'tlini'Ul {l!lll^{':p j>l"j('Mni 

I !:c'. 1mm- :)'■» II i \ ' » ' . \ ' ; « . .n" 'H.; \\\\\\ ni..; :i»n pu tnics. as lia^.t ttani.-n^ a.il^ 

!.\ ihr \nn. \ rs s . ^1 i : . mc ( < .m - : ( |.I C.'^a: i js -.sr!! .!s }.\ <M.I'|stl ;rs in.! 

r: :>ni' ii- i ;i ' ^ 

w I I la \ 



\ 



"i^^"* , Eighteenth Yearbook 

V.Aih film (110 manual) $2.00. fiorn Sociel) foi \ i.sual Education Inc.. 100 E. Ohio 
St., Chicago. III. 

hilr. :ttioJi to Plane iU-ometry 

Rectdinear I igurts— Triangles 

Reclilmt-ar Fignres-^Triangles and Pauillel Lines 

" ""ctilmear figures —Angles and Tiiani^les 

fiectilmear I'li^ures—ihiadrilatrrals and i^ohi^ons 

Rectilmrar l'igures--H(dy^ous and Locus of n PoiJit 

The Cirile —Chords and Ans 

The Cinle- - 'Tangents and Secants 

The Cmle — Measurement of An^Us 

K.uh film (no in.iiHial) $'^xn), iiom Sinwiy foj \ iMial Education, Inc.. H)0 E. Ohio 

•St., Cliica^o. 111. 

f iCHT O.S M \THKMAMtJ5 

hit f: Aritlimetic 

Five K(:\s to Matlicjuaiics 

A(idit.(Jii and Siuhliat tion 

Multiplication and Division 

Fiaciions. DcciniaK, and Hcrte-nta^c 

Addition and Subti.iction of Fiactions 

Multiplication and Disi.sion of Fractions 

>Kpjarc and Cube Root 
Kit 11: (leontetiy and Ti i^tinometry 

Ad<l:ii(m and Subtiaction in fit'ouutry 

Multiplication and I)i\isj(in in (icotiicti y 

An^Milai Mc.isnrerncnt 

(-(Mjsiructions 

.Scales and Mcxit^ls 

\ tots 

Ti i^'onomt'ti V 
Kit III. Al^rhra 

r<ivi{ivc and Nt^.itiM' Nunibf^rs 

R.it .() anti 1^ upoi tinn 

l ApfincfHs and I^n^.n it hms 
kit I \' . (.rii/Jn antl Anal\lu (u(}r?ietn 

( . 1 1 pli I M S 

I'll >i f i ir^ C . I .iphs 
\n.il\nc (.cumctiv 

i tHiH- St I {li iuii; kils Ml i\ \ pii 1 1 li I li>;((!K'r fi| ii:r ftlfUs t\\.\\ be nhl.iincfl 
m;...:..:/ i\ .it $ 1 I .i ' ch i i [ \\t [.uii ll.ui.iv (): .'.iin/..; *J'J«nl K. (.l.tnd BUcLDc 
t r . (I . \! K li 

\t ■- 1 n? M \ 1 n \i IN 1 H I \n \ In 

M' .n'o fi:, y^} s Of//>;/f (hr / ' 
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^Calculation Instrutnefits: liusituss Machines — Part I: Early Methnds 

ICach film (with inamial) fioin Society for \'isual Education, Inc., Chi- 

caj^o, 111. . 
77/ r Slide Rule 

One film (with in.imi.il) Sl.OO, funn Cistlc Films, Inc., 30 Rotkcfvllcr Pla/a, New 
Vuik, N, Y, 

(,K)M1TRIC DKWMNO AND lU.lV. rRlNT VDINH 

(leotnetric ('fuistruction, Parts I and 2 
T Square and Triattij^les, Pa? Is / and 2 

l-.ach film (with inaTiual) $1.00. from The j.itn Handy Organi/;Hiun, Dcduil, Mich. 
llluc Print Heading 

• Film (with ni.uni.d) 51.00, fiom Casile Fihns, Inc., New York, N. V. 

sell NCI! 

Optical Illusions 

Timf'kv€f)('rs Through ihr Agrs (Clocks) 
Mechanics I (Prvers) 
Mechanics 11 (Inclined Plane) 
Mechanics III (Pulleys -Mherl and Axle) 

Ka(h film (no niannal) $11. IH). iioni Soticis foi \ isnal l-.dut.ilioii. ln<: , Chua^o, 111. 

Nfl ASI RK 

The Steel Rule 
The Micrnytieter 
Fixed (lages 
rernier Si ale 

lfeii^}U (lages and .Startihnd hidiralors 

K.kIi (dm rwiih minn.ih $1.00. fioiTi C.isilc 1 ilm*^. Inf., Nrw York. N. Y. 
Mr(i\)iu-in' ul!^ nnfi Mrnsuritig. Parts 1 afid 2 

Fadi film (ssitli mannal) $t 00. fioiu 'I he Jam Hands ()ri;ani/atif)n. n<."ioil. Mich. 

N\\If.\!M)N 

!r?inl SaJ t^dtion. D^'ad Rrt knunir, Pjoh{r jii\ }\ijf I: Radius >■{ Atli'ni, Rrtjtrntng 
/') Sti'tie liasr 

i'-yial \tirii:-}tinn Dtiid Rnkf^nitii; Prohtrin^ Piut 11. Radius i^f .{iti'>yu Rflumhig 
t't Att' tn'it*- nr Af.»; pij^r lUne 

l adi tdm fim niannal) $0 71,* fnim Castle Fdm-i. Inc . New ^.'ik, .N. Y. 

OTIU.R MA I 1 Rl.i! S 

Fmilicr 'sn«'i;rstif<n'< on ftfc .nid in<*\|>tnsi\f iii.ncii.iU. pnijcriinn c«]n!|mu-tn. t*<c.. 
udl appear finrn time to tim<* in Ihf Maihrinaiit \ Tem htf Sii-^i^rsi Ions aic also 
ulfrird in ilu- pid)li( alion. l-.nrithed Tem hijii:^ ni Mnihtmntv s in ihr junwr and 
'^rrttr.r }ii^\h Siht>ol, hv M Woodriiu; and \' S.iidoid aiuM-au nf ruiilicaiions. 
leai-hcis Cnljei^e, Nrw Ncwk, N. Y.) and in a nnttuf aphed li<t ■niuh'd "Mathc- 
m.ili(.s-"\ isual and 'Itarliin^' Aids"' iiv L. Ihimits an<i K H. C. Hildthiandl (\'i.s- 
iial Aids Scivi(C, Monitlaii StaH* I cadicis C'.ollcgf. Muniilan. N. j ). 
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